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PRELIMINARY DEVELOPMENT OF ALTERNATIVE REMEDIATION
TECHNOLOGIES AND IDENTIFICATION OF DATA NEEDS FOR OU 7-13/14
FEASIBILITY STUDY

1.0 INTRODUCTION

This Engineering Design File (EDF) contains the results of a preliminary study to identify
alternative technologies for remediation of the Radioactive Waste Management Complex
(RWMC) Subsurface Disposal Area (SDA) pits and trenches, and identify data needed to
evaluate these technologies. Information on SDA waste gathered in the Historical Data Task!
(HDT) and other documents was reviewed for waste quantities, waste composition and waste
forms. In addition, the Preliminary Scoping Risk Assessment? (PSRA) and the Human Health
Contaminant Screening Analysis® present preliminary guidance regarding waste contaminants,
both radiological and nonradiological, that pose the greatest risks to human health. This
information provides a basis for containment or treatment requirements. Based on these
containment/treatment requirements, sets of data needs for different categories of technologies
were developed. Finally information was obtained on a few treatment systems and subsystems
and reviewed in order to better identify data that would be needed in the evaluation of process
options for remediation of the SDA pits and trenches.

An Interim Action Activity involving the remediation of Pit 9 of the SDA, is currently in the
design stage. A proof of principle (POP) test for key components in the Pit 9 treatment system
has been completed and a larger, more complete limited production test (LPT) is planned. A
primary objective of the Pit 9 remediation is to obtain data to support the pits and trenches
Remedial Investigation/Feasibility Study (RI/FS).! While many similarities exist between the
waste of Pit 9 and the waste buried in other pits and trenches and data from the Pit 9 Limited
Production Test will be invaluable in evaluating the feasibility of one system for remediation of
the SDA, there are important differences:

1. The total waste and contaminated soil in the total pits and trenches could be as much
as 50 times greater than that of Pit 9, thus a larger scale process may be required.

2. Records of waste in Pit 9 are more complete than for most other pits and trenches,
thus the uncertainties regarding waste composition, type and form are greater for the pits
and trenches as a whole than for Pit 9. Also, some types of waste not suspected in Pit
9 are known to be present in other pits and trenches. Examples include gas cylinders,
pyrophoric materials, and fuel casks. Thus a greater level of process flexibility may be
required to remediate the pits and trenches.

3. Waste retrieved from Pit 9 that contains less than 10 nCi/g TRU is not treated but
returned to the pit. A Preliminary Scoping Risk Assessment® has found that the greatest
risk is from a non-TRU radionuclide, Sr-90, and that other non-TRU radionuclides such
as C-14 and Cs-137 also have relatively high risks. Thus the pits and trenches
remediation objectives will be broader in scope than those of Pit 9. Also, the pits and



trenches remediation objectives will likely include treatment to destroy or stabilize
hazardous constituents, which will not be done in the Pit 9 remediation for the portion
of retrieved material with less than 10 nCi/g TRU.

4. Fifteen hazardous constituents are known to exist in the pits and trenches that are not
known to be present in Pit 9.* Some of these materials, such as ammonia cylinders or
NaK, present handling and processing requirements beyond the scope of the Pit 9
treatment process design.

The objectives of remediation of the SDA pits and trenches have not been defined at this time.
In lieu of more specific objectives, it will be assumed for this review that the general objective
is to prevent migration of hazardous constituents of SDA waste, both radiological and
nonradiological, into the environment so as to pose a risk to human health.

A full range of remediation alternatives has been defined by Grigg and is included as Appendix
A in EDF. Alternatives cover responses of no action, institutional control, in-situ containment
or stabilization, retrieval and repackaging, and retrieval and ex-situ processing. A wide range
of containment, isolation, and treatment options are included under these response categories.
All of these process options should be reviewed in the feasibility study for SDA pits and trenches
remediation. However, this review is based on the assumption that mitigation of risks from
hazardous constituents in the SDA waste will require processing wastes into a more stable form.
Thus only in-situ and ex-situ treatment processes are reviewed.

* This is based on a comparison of the nonradiclogical contaminants for the pits and trenches, as reported in table S-1
of the Comprehensive Inventory (Reference 1) with the Historical Data Task Pit 9 inventory of hazardous chemicals,
Table 2 of Comparison of the Pit 9 Praoject Inventory Against the Corresponding Portion of the Historical Data Task
Inventory: Background, Progress to Date and Proposed Plans, November 2, 1994, The fifteen contaminants are:

kg
Ammonia 780
Anthracene 0.2
Antimony 0.45
"Benzine" 4
Cerium chioride 510
Formaldehyde 140
Hydrazine 1.8
Magnesium 9,000
Magnesium fluoride 140
Nickel 2.2
Sodium 68
Sodium-Potassium 17,000
Terphenyl (Santo wax) 450
Toluene 190
Trimethylolpropane-triester 1,200

Other hazardous chemicals of unknown quantities are suspected to be present in the pits and trenches that are not known
to be present in Pit 9, including organophosphates, organic acids, nitrocellulose, dibutylethylcarbutol, magnesium,
nitrobenzene, PCBs, magnesium oxide, and beryllium oxide.



2.0 CHARACTERISTICS OF SDA WASTE AND DERIVED TREATMENT
FUNCTIONAL AND OPERATION REQUIREMENTS

2.1 Total Waste and Contaminated Soil Volume and Weight

Remediation of the SDA requires containment or treatment of contaminants primarily within two
media, soil and solid waste. Smaller amounts of liquid wastes and sludges are buried in the
SDA. Liquids disposed of in one pit, the acid pit, were poured directly into the pit, resulting
in contaminated soil.

Various studies report total quantities of waste buried at the SDA. Historical records of waste
disposal show 129,503 m® (4,573,000 ft®) of low-level waste and 61,989 m® (2,189,000 ft®) of
TRU waste buried at the SDA over the years 1952-1984.° According to these figures, the total
waste would be 6.8 million cubic feet. An Environmental Evaluation report also gives a value
of 2,200,000 ft* for TRU waste emplaced in the SDA, but reports only 2,000,000 ft’ of waste
present as of 1982 because of retrieval efforts from 1974-1978.° Arrenholz and Knight, in a
more recent report that seeks to evaluate all previous ones, cite values of 63,364.1 m’
(2,237,600 ft) of TRU waste from Rocky Flats and 5,778.8 m® (204,070 ft}) of TRU waste
from other sources, for a total of 69,142.9 m® (2,442,000 ft*) of TRU waste.”

For this study the total volume of waste was assumed to be 6,800,000 f*. This total was
obtained by rounding the value reported in the historical records for low-level waste to
4,600,000 ft*, adding 2,400,000 f' of TRU waste base on the value cited in Arrenholz and
Knight, and subtracting 200,000 fi* of waste that was retrieved and placed in storage. Assuming
an average waste density of 40 Ib/ft’, the total weight of the waste would be 270 million pounds.

Arrenholz and Knight cite volumes of 7.7 million cubic feet, 8 million cubic feet, and 12.1
million cubic feet of wastes and contaminated soil in the TRU pits and trenches. Subtracting
the volume of TRU waste from these three figures gives a estimate for contaminated soil
between 5.5 and 9.9 million cubic feet for the TRU pits and trenches. Arrenholz and Knight
evaluate discrepancies between these numbers and favor the larger one because of the degree of
detail and the method used in its calculation. The value of 12.1 million cubic feet was obtained
by adding waste container volumes, volumes of soil added with waste, overburden volumes,
underburden volumes, and subsidence volumes for the 9 pits and 10 trenches known to contain
TRU waste. A breakdown of these volumes is given in Table 1.

In order to estimate the amount of contaminated soil for all the pits and trenches, totals from
Table 1 were prorated by the ratio of total waste (6.8 million cubic feet) to TRU waste (using
the value of 2.326 million cubic feet as per Table 1). These volumes are shown in column 2
of in Table 2. Also shown are very rough estimates of contaminated overburden and
contaminated soil from migration of contaminates between pits or trenches. The contaminated
overburden was assumed to be 10% of the total overburden, and the contaminated soil between
pits and trenches was assumed to be 10% of the total pit and trench volume minus the
overburden.



Table 1. Volume data for TRU waste pits and trenches® {Guay 1989)
Waste Container Overburden Underburden Subsidence
Excavated}Vo]ume Voiuye Soil golume Volyme Yolupe Volyme
Location (ft’) (ft7) (ft”) (ft*) (ft”) (ft”)
T 1 81,243 16,897 64,346 30,563 NA 0
T 2 86,932 6,801 80,131 26,544 NA 0
T3 90,658 12,375° 78,284 26,664 NA 689
T 4 93,828 17,788 76,040 26,808 NA 750
T5 112,362 18,176 94,457 29,245 NA 0
T6 31,982 15,475 76,507 26,856 NA 1,800
T7 87,278 10,729 76,549 29,093 NA 0
T8 97,752 14,143b 83,610 26,880 NA 156
T9 83,633 13,237° 70,396 28,891 NA 0
T 10 91,474 9,107b 82,368 26,904 NA 923
Pl 379,135 81,819 297,316 107,884 169,532 0
p 2 1,020,359 418,357 602,002 425,975 544,852 455
P 3 368,394 102,059 266,335 236,150 70,845 0
P 4 955,309 388,494 566,815 187,343 367,427 0
P5 796,729 286,612 510,117 368,236 100,428 18
P 6 447,515 223,898 223,617 409,313 191,013 0
P9 342,416 150,690 191,726 256,812 149,807 353
P10 1,052,941 538,865 514,076 784,084 526,471 0
P11 NA NA NA NA NA NA
P12 NA NA NA NA NA NA
Total volume of pits and trenches = 6,279,940 3
Total volume of waste containers = 2,325,251 ft3
Total volume of contaminated soil = 9,734,456 s

T

d.

b.

(obtained by summing soil, overburden, underburden, and subsidence volumes.)

otal volume of contaminated wastes
and soils.

12,059,707 ft*

Waste container volumes reflect 50% reduction in cardboard box volume due to compaction.

Does not include wastes retrieved during Early Waste Retrieval and Initial Drum Retrieval projects.




Table 2. Estimates of contaminated soil at the SDA

TRU pits and Total pits Based on 18
trenches* and trenches®  ft ave. depth
(cubic feet) (cubic feet) (cubic feet)
1. Waste volume 2,325,522 6,800,000 (6,800,000)
2. Soil intermingled with waste 3,954,692 11,563,000
3. Underburden 2,120,375 6,200,000
4. Overburden 3,654,245 10,685,000
5. Subsidence 5,144 15,000
6. Total, lines 1+2+3 8,400,589 24,563,000 16,196,000 A
7. Contaminated overburden® 365,425 1,069,000 675,000 A
8. Contaminated soil between pits/trenches® 840,059 2,456,000 1,620,000 A
9. Total, lines 64748 9,606,073 28,088,000 18,491,000
10. Total, lines 2+3+7+8 7,280,055 21,288,000 11,691,000
11. Total, lines 4+5+6+8 12,900,037 37,719,000
12. Total, lines 2+3+4+5+8 10,574,515 30,919,000

* Lines 1-5 from K. P. Guay, Preparation of Soil Distribution in Trenches 1-10 and Pits 1-6,
9, and 10, EG&G Engineering Design File BWP-ISV-011, undated.

® Prorated from TRU volumes by the factor 6.8/2.326

¢ Assumed to be 10% of line 4

¢ Assumed to be 10% of line 6

Line 10 in Table 2 are estimates of the total contaminated soil assuming a minimal amount of
the overburden (10%) and also that a relatively small amount of soil between pits and trenches
would be processed. Line 12 shows the estimated soil assuming that all of the overburden is
processed. Lines 9 and 12 are the corresponding total volumes of waste plus soil.

Table 2 breaks down soil estimates into different categories so that as remediation objectives
become more defined, appropriate soil rates can be selected. If only soil from TRU pits and
trenches was to be processed, for example, the volume would be about 7 million cubic feet,
compared to 21 million cubic feed for all pits and trenches.

The estimated total volume of soil vaults is 122,394 ft3.2

A separate recent study® by Meachum recalculated areas and volumes for the SDA pits and
trenches, and are shown in Table 3. Meachum’s values shows a total area of pits 1-6, 9 and 10
plus trenches 1-10 of 658,187 ft2, about 5% greater than the area for these pits and trenches
calculated by Guay.



However, the pit and trench volumes calculated by Meachum are much lower than those of
Guay. Meachum’s volume calculations are based on a depth of 14.2 feet for all pits (except pit
7) and trenches, defined as "the average depth of the surficial soils in the SDA", while Guay
used depths calculated from the mean surface elevation and mean basalt surface elevation for
each pit and trench. No basis for this depth of 14.2 ft could be located. Using Guay’s
elevations results an average pit depth, without overburden, of 13.4 feet, and with overburden,
of 19.3 feet. The PSRA uses pit and trench surface areas from Meachum, but calculates
volumes based on an average depth of 8.3 ft, based on the difference between 14.2 ft and an
assumed cover thickness of 5.9 ft. Hubbell" reports an average depth of the SDA to the basalt
of 16 ft, assuming a land surface elevation of 5010 ft. SDA contour maps®? indicate an
average surface elevation closer to 5012-5014 ft.* The third column of Table 2, line 6, shows
a total volume of soil and waste calculated using the total surface area of Meachum and a depth
of 12 ft (18 ft total depth, based on a average surface elevation of 5012 ft, minus 6 ft
overburden). If these assumptions are correct (surface elevation of 5012 ft, overburden of 6 ft),
the volume of contaminated soil in pits and trenches would be 9.4 million cubic feet, or, adding
0.5 ft overburden and 10% for contaminated soil between pits and trenches, about 12 million
cubic feet.

The large differences between the values of columns 2 and 3 suggest that a more analysis is
warranted. A better value of land elevation can be obtained from the SDA contour maps, and
various SDA studies reviewed to confirm the assumed depth of cover.

Pending additional evaluation to resolve these discrepancies, a volume of 10 million cubic feet
of contaminated soil will be assumed for all the pits and trenches. Using a bulk density of
100 1b/ft* for INEL soil, the weight of 12 million cubic feet of soil is 1.2 billion pounds.
Because of past compaction efforts at the SDA, the density could be greater than what was
assumed, and hence the total weight would also be greater.

2.2 Processing Rate Requirements

For this study, the minimum processing rate is based on treatment of only TRU waste (2.2
million cubic feet) and contaminated soil (7 million cubic feet), a 10-year processing time, and
200 days/year stream factor. With these assumptions, the required processing rate is 110 tons
per day. For retrieval operations, the required minimum rate is 160 tons per day. Treatment
of waste and contaminated soil from all pits and trenches would require a processing rate of 360
tons per day for treatment and 580 tons per day for retrieval. Throughput rates for systems in
which feed waste and soil is separated to be treated in different units would require, for each
unit, a fractional rate of these totals according to the proportion of material in each separated
fraction.

* In a phone talk with Joel Hubbell July 19, 1995, he confirmed that the surface elevation of
5010 feet was a rounded value.

B



Table 3. Areas and volumes of pits and trenches from Meachum®

Pit  Area, ft’ Volume, ft Trench Area, ft? Volume, ft!
1 24,913 353,765 19 9,905 140,651
2 78,425 1,113,635 20 7,000 99,400
3 41,830 593,986 21 2,625 37,275
4 111,732 1,581,284 22 2,653 37,673
5 108,754 1,544,307 23 3,093 43,935
6 54,984 780,773 24 2,947 41,847
7 300 1,200 25 7,000 99,400
8 31,294 444,375 26 3,115 44,233
9 45,541 646,682 27 7,007 99,499

10 111,732 1,586,594 28 3,094 43,935

11 24,859 352,998 29 2,422 34,392

12 29,910 424,722 30 7,014 99,599

13 19,290 273,918 31 3,101 44,034

14 40,704 571,997 32 2,457 34,889

15 74,805 1,062,231 33 7,007 99,499

16 22,246 315,893 34 2,280 103,376

17 66,587 045,535 35 7,007 99.499

18 49,652 705,058 36 8,603 122,163

Acid 21,291 302,332 37 7,000 99,400

38 6,419 91,150

Trench 39 6,993 99,301

40 7,287 103,475
1 8,043 114,211 41 7,000 99,400
2 8,015 113,813 42 7,952 112,918
3 1,777 110,433 43 6,664 94,629
4 7,812 110,930 44 3,500 49,700
5 8,155 115,801 45 7,959 113,018
6 7,826 111,129 46 6,699 95,126
7 8,120 115,304 47 7,966 113,117
8 7,826 111,129 48 6,685 94,927
9 8,610 122,262 49 7,728 109,738

10 8,092 114,906 50 6,601 93,734

11 6,279 89,162 51 7,987 113,415

12 12,502 177,528 52 6,349 90,156

13 5,439 77,234 53 8,050 114,310

14 10,969 155,760 54 6,370 90,454

15 5,495 78,029 55 8,134 115,503

16 10,801 153,374 56 8,134 115,503

17 4270 60,624 57 6,342 90,056

18 7,175 101,885 58 6,447 91,547



2.3 Waste Inhomogeneity and Complexity

Table 4 lists items known to be contained in SDA waste. While the following section attempts
to estimate relative amounts of waste types, Table 4 is presented to underscore the great
diversity and complexity of the waste.

2.4 General Waste Types

Table 5 shows an estimate of waste types present in RWMC stored waste, and quoted by
Arrenholz and Knight (Reference 7, Table 11) as applicable to buried waste with some
exceptions.

Table 5. Weight and volume fractions of stored waste at the RWMC.

Category Weight Volume
Percent Percent
Combustibles 20.1 42.0
Sludge 32.7 18.0
Metals 22.2 8.6
Concrete, brick, particulate 7.9 4.5
Nonmetals and glass 2.8 4.1
Other (including "unknown") 14.3 22.8

The major exception noted by Arrenholz in applying this breakdown to buried waste is that the
buried waste may contain more building materials than the stored waste.

A breakdown of Rocky Flats waste, which amounts to slightly more than 30 vol% of the total
buried waste, by category is given in the Appendix D of the Comprehensive Inventory,! and
shown in Table 6.

Weights and volumes given in the Comprehensive Inventory data sheets for the Rocky Flats
metals waste stream indicate a void volume of nearly 95%, which is suspiciously high.
Edinborough shows a density of stored metal waste of 11.6 times that of the Rocky Flats waste
(from Table 11 of Reference 7). Thus the weight fraction of metal waste shown in Table 6 may
be low.



Table 4. Wastes known to be present in SDA waste.*

Construction and
Demolition Material

Laboratory
equipment and
materials

Process
equipment
and materials

Nuclear reactor
components, fuel,®
and radioactive
sources

Maintenance
equipment
and scrap
metals

Decontamination
Materials

Miscellaneous

Lumber, wallboard, concrete, steel plate, ducting, electrical wires, fuse
boxes, roofing material, floor tile, insulation, lead sheet, lead brick,
asphalt paving materials, soil, sand, gravel, steel stairways, ladders,
plexiglas, leaded glass, glove boxes, asbestos, Benelex

Hoods, laboratory benches, desks, chairs, cabinets, glassware, plastic
tubing, plastic and glass bottles, solutions stabilized in concrete or
plaster, vermiculite, steel-copper crucibles, rubber hose, acid carboy,
uranium film sampler, glovebox gloves, syringes, gas cylinders

Air compressor, tanks, heat exchangers, tube bundles, condensers,
piping, flanges, valves, ion exchange resins and columns, demineralizer,
pumps and pump parts, motors, continuous air monitors, air conditioner,
furnace coke, carbon baffles, HEPA filters, Raschig rings, electronic
tubes and instruments, control panels, dissolver pots, drums of organic
solvent

Irradiated hardware, core structural components, fuel scraps, fuel
rods, graphite cuttings, reactor core, beryllium reflectors, Ra-226 and other
sources, reactor vessel, fuel end pieces, 39 Co-60 wires in concrete,
irradiated fuel powder and pellets (see note b), Pu-coated disks

Hand tools, metal-working machines, drill presses, cranes, hoists, welders,
oil and grease, metal filings, abrasive wheels, lathes, drum of machine

coolant, scrap metals (Ag, Al, Be, Cd, Cu, Fe, K, Mg alloy, Mg-Th, Na,
NaK, Pb, Sn, depleted Uranium, Zr and Zr alloys, others), backhoe parts

Paper, rags, plastic bags and sheet, floor sweepings, brooms, steel wool,
coveralls, hardhats

Sewer sludge, garbage, tires, lunchbox, animal tissue, carcasses, feces,
botulinus-contaminated meat, jet engine, dump truck, trailers, forklift,
pickup trucks, tanker, magnesium fluoride slag, solidified CeCl, solution,
boric acid crystals, solidified evaporator sludge, contaminated mud, office
equipment, lead-acid batteries, mercury batteries, barrels of Santo-R wax,
tires, safe, camera, radios, casks, concrete cask with steel liner filled with
solidified sludge

* Expanded from Table 9 in Arrenholz and Knight (Reference 8) based on waste descriptions in the Comprehensive
Inventory (Reference 1). No claim is made as to the completeness of this list,

® Waste identified as fuel is not spent fuel per the definition of DOE Order 5820.2A.




As a rough check on relative amounts of different types of waste buried in the SDA, the
descriptions of the individual waste streams in the Comprehensive Inventory were used to
categorize waste streams as "metal”, "combustible”, or "other". For some streams a breakdown
of relative amount of each type of waste was available, and for many others the relative amount
of each type was estimated. Using this approach, the waste was determined to be approximately
35 vol% combustible, 20 vol% metal, and 45 vol% other, or, in terms of weight percent, 37%
metal, 16% combustible, and 47% other. A summary of the waste breakdown by these three
methods is given in Table 7.

Table 6. Rocky Flats waste buried at the SDA (based on 1971-1981 data).

Category Weight Volume
Percent® Percent
Metals 17.5 38.57
Combustibles 25.3 26.26
Uncemented sludges 43.3 11.72
Filters 2.7 9.71
Mixed Waste 1.6 3.94
Concrete, brick 2.6 3.52
Glass 1.1 2.04
Particulate 1.1 1.53
Molds and crucibles 0.8 0.95
Cemented sludge 3.5 0.94
Glovebox gloves 0.4 0.54
Benelex, plexiglas 0.1 0.24
Resins - 0.02
Salts - 0.02

* Weights for all categories except combustibles, sludges and benelex taken from data sheets for
SDA Rocky Flats wastes contained in Reference 1. Density for benelex assumed the same as
for glass, densities for combustibles and sludge taken from Reference 7, Table 11.

Table 7. SDA waste by category, weight percent

Based on Based on Based on Range Best
Stored Rocky Descriptions of Estimate
Waste Flats of Individual Estimates
Waste Streams
Metal 22 18 37 18-37 30
Combustible 20 25 16 16-25 20
Other 58 57 47 47-58 50
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2.5 Waste Container Types and Physical Form

Table 8 gives a breakdown of container type by waste location for the TRU pits and trenches.
Drums include 55-gal, 40-gal, and 30-gal, the "standard” wooden box size was 7 ft by 4 ft by
4 ft, but other sizes were uses as well, including 7 ft by 4 ft by 50 in, and 7 ft by 4 ft by 52 in.
Cardboard boxes include 28 in by 28 in by 16 in, 24 in by 24 in by 14 in, 24 in by 24 in by 16
in, 24 in by 24 in by 18 in, and 24 in by 24 in by 28 in.

Table 8. Waste Containers (from Reference 10)

Estimated Number of

Waste Area Drums Wooden Cardboard  Other Total
Boxes Boxes Containers

Pit 1 8,285 152 2,173 2 10,612
Pit 2 34,480 1,048 3,547 443 39,518
Pit 3 6,684 202 3,309 62 10,256
Pit 4 31,467 624 2,020 268 34,379
Pit 5 19,652 919 970 102 21,643
Pit 6 13,912 590 3,523 36 18,061
Pit 9 3,937 520 1,932 72 6,461
Pit 10 27,101 2,311 914 295 30,621
Trench 1 3,376 - - 1 3,377
Trench 2 1,045 4 - - 1,049
Trench 3 1,242 6 1,423 - 2,671
Trench 4 2,416 1 - - 2,417
Trench 5 2,541 - - - 2,514
Trench 6 2,283 1 - - 2,284
Trench 7 1,497 - - - 1,497
Trench 8 1,654 793 - - 2,447
Trench 9 1,769 1 2 - 1,772
Trench 10 1,236 - 7 - 1,243
Total 164,577 6,378 20,613 1281 192,849

Any treatment process must not only be able to process the waste containers, but also the various
large items known to be buried in the SDA, including truck beds, trailers, reactor vessels, heat
exchangers, tanks, glove boxes, lathes, and at least one crane, forklift, air compressor, dump
truck, safe and jet engine,
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Based on the use of cardboard containers for a significant fraction of the waste, the practice of
direct disposal of liquids and the deterioration of wooden boxes and breaching of metal drums
found in retrieval efforts, it can be assumed that a large fraction of the original containers do
not provide containment of the waste. However, it should be assumed that some drums of
liquids are still intact, thus placing the requirement on any retrieval, drum handing, and
shredding steps to be able to process drums of potentially flammable liquids.

Based on proration of the totals in Table 8 according to the waste volume ratio, the entire SDA
would contain about 480,000 drums, 20,000 wooden boxes, 60,000 cardboard boxes, and 4,000
other containers.

2.6 Nonradiological contaminants

Table 9 lists estimated quantities of nonradiological contaminants known to be present in the
SDA waste and, for reference, also for Pit 9. While only a small subset of this list may be
determined in the risk assessment to have substantial risks or have high hazard quotients, the
entire list is given for completeness. Certain components, while not contaminants of concern
for the SDA remediation, may be subject to land-disposal or other restrictions under RCRA.
Also, treatment technologies need to be reviewed relative to the entire list to identify any
chemical interactions that could interfere with a given process.

Table 9. Quantities of nonradiological contaminants in Pit 9 and the SDA*
All values are kg except where stated

Halogenated organics Pit 9 SDA Ratio, SDA/Pit 9
1,1,1 trichloroethane 9,100 110,000 120

1,1,2 trichloro-1,2,2 trifluoroethane 97 9,100 94
Carbon tetrachloride 11,000 120,000 11
Chloroform, grams 0.6 37 59
Methylene chloride 160 14,000 88
Polychlorinated biphenyls (PCB) unknown

Tetrachloroethylene 2,500 27,000 11
Trichloroethylene 9,700 100,000 10

Nonhalogenated organics

1,4-bis(5-phenyloxazol-2-yl)benzene unknown
3-methylcholanthrene unknown

Acetone 0.7 110 169
Alcohols unknown

Anthracene 0.2

Benzene unknown

Benzine 4
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Butanol

2-Butanone
Dibutylethylcarbutol
Diisopropylfluorophosphate
Ethanol

Ether

Formaldehyde

Methanol

Methyl isobutyl ketone
Nitrobenzene
Nitrocellulose

Organic Acids
Organophosphates
Terphenyl (Santo wax)
Toluene
Trimethylolpropane-triester
Tributyl phosphate
Versenes”

Xylene

0.3

2.4
120

13

5.2

99
32
unknown
unknown
22
unknown
140
220
8,900
unknown
unknown
unknown
unknown
450
190
1,200
1,000
unknown
850

® chelating agents containing ethylenediaminetetraacetic acid

Metals

Antimony, grams
Beryllium
Cadmium
Chromium, grams
Copper

Lead

Magnesium
Manganese
Mercury

Nickel

Silver, grams
Sodium
Sodium-Potassium
Zirconium & Zr alloys

18
0.3

5,000

450
15,000
1,600
1,000
unknown
580,000
9,000
unknown
unknown
2.2
5,900
68
1,700
25,000

13

90
95

76

92
74

77

163

833
286
3700

116

641
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Acids

Aqua regia, grams
Hydrofluoric
Nitric

Sulfuric

Incrganic compounds

Aluminum nitrate nanohydrate
Ammonia

Asbestos (Mg, Ca, Fe silicates)
Beryllium oxide

Cerium chloride

Copper nitrate, grams
Cyanide

Hydrazine

Lithium hydride

Lithium oxide

Magnesium fluoride
Magnesium oxide

Mercury nitrate nanohydrate
Potassium chloride
Potassium nitrate

Potassium phosphate
Potassium sulfate

Sodium chloride

Sodium cyanide, grams
Sodium hydroxide, grams
Sodium nitrate

Sodium phosphate

Sodium sulfate

Uranyl nitrate

* List of contaminants and quantities for the SDA taken from the Comprehensive Inventory
(Reference 1), Table S-1. Information for Pit 9 taken from the Historical Data Task Pit 9
inventory of hazardous chemicals, Table 2 of Comparison of the Pit 9 Project Inventory Against
the Corresponding Portion of the Historical Data Task Inventory: Background, Progress to Date

0.5
99
630

1.4

11
1,200
26,000
990
1,200
2,300
43
7
52,000
1,200
2,300
2.9

and Proposed Plans, November 2, 1994,

31
7,600

50,000
120

190,000
780
1,200
unknown

510
330
unknown
1.8
unknown
unknown
140
unknown
810
20,000
450,000
10,000
20,000
40,000
940
150
900,000
20,000
40,000
220

62
80
79
86

76

545

77

74
17
17
10
17
17
22
22
17
17
17
76
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According to the Preliminary Scoping Risk Assessment,” the nonradiological contaminants of
potential concern (COPC) are ammonia, asbestos, beryllium, cadmium, hydrofluoric acid, lead,
mercury, nitrates, nitric acid, tributyl phosphate, and uranium. The Human Health Contaminant
Screening Analysis for the SDA (unpublished at this time) has identified the following
nonradiological contaminants as having the highest total risk or hazard quotient:

Total Risk  Total Hazard Quotient

Asbestos 1E-05 -
Hydrazine 4E-06 -
Total nitrate - 2E+02
Mercury - 2E+01
Acetone - 2E+01
Carbon tetrachloride = 6E-04 2E+01
Cadmium 4E-08 1E+01
Uranium - 7TE+00
Lead - 6E+00
Sodium cyanide - 6E-01
Tetrachloroethylene - SE-01
2-Butanone - 4E-01
Beryllium 2E-03 2E-01
Methylene chloride 3E-05 1E-01

All of the categories of Table 9 except acids are represented in this shorter list, including
halogenated organics, nonhalogenated organics, metals, and inorganic compounds.

The following requirements are derived from or related to the nonradiological contaminants
known to be present in SDA waste:

1. Destruction of hazardous halogenated organic materials with 99.9999% efficiency
for efficiency for PCBs, 99.99% for others (This is based on RCRA standards,
and would likely only apply to ex-situ thermal treatment processes).

2. Destruction of hazardous nonhalogenated organic materials with 99.99%
efficiency. (This is based on RCRA standards and would likely only apply to ex-
situ thermal treatment processes).

3. Ability to adequately handle and process volatile organic constituents (VOCs).

The majority of VOCs can be assumed to be present in pits 2,4,5,6,9, and 10. A

4, Ability to handle and process RCRA-hazardous metals (arsenic, barium,
cadmium, chromium, mercury, lead, selenium, and silver) into acceptable waste
forms. Lead is present in the waste as bricks, sheets, gloves, batteries and
possibly other forms. The other RCRA-hazardous metals are also present in
different forms, including metallic, inorganic, and possibly organometallic.
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5. Ability to process and convert soils contaminated with acids (HF, sulfuric, nitric,
aqua regia) into stable waste forms

6. Ability to process gas cylinders of ammonia
7. Ability to convert asbestos into a nonhazardous stable waste form
8. Ability to convert soil contaminated with oxidizers (nitrates) and reducing agents

(hydrazine) into stable waste forms

9. Ability to process hazardous constituents at concentrations in soil from very low
(ppm level) to nearly 100%.

10.  Ability to safely handle and process pyrophoric or reactive material including
metallic sodium, NaK, UAIX powder, Zr and Zr alloy chips and fines

11.  Ability to process beryllium (mostly scrap metal, possibly some oxide and/or
sludge) and uranium (scrap and other metal, irradiated fuel,* and absorbed oxide,
hydroxide, nitrate or other forms on waste forms such as filters, sludge, rubble,
soil and combustible material) into acceptable waste forms.

12.  Ability to process tributyl phosphate and other organophosphorus compounds in
soil into acceptable final waste forms.

2.7 Radionuclide contaminants

Table 10 presents the radiological contaminants found to be contaminants of potential concern
in the PSRA?. Isotopes not on this list but included on the Final Human Health Retention List
of the Human Health Contaminant Screening Analysis® are: Am-243, Be-10, Cf-252, C1-36, Cm-
244, Hf-175, Hf-181, 1-129, Ir-192, Mn-53, Na-22, Nb-94, Sn-117m, Sn-119m, Th-232, U-234,
U-236, Yb-164. A more recent evaluation of risks showed 33 radionuclides with risks greater
than 107, and includes all shown on Table 10 except Cs-134, Eu-155, Fe-55, Mn-54, Sb-125,
Te-125m and Th-228. Additional contaminants on this recent list are: I-129, Tc-99, Cl1-36, U-
234, Am-243, U-236, Na-22, Th-232, Cm-244, Th-229, and Th-230. A complete list of all
known radionuclides present in the SDA can be found in Reference 1, Table S-2.

Relative to treatment, radionuclide contaminants can be grouped in three categories, shown in
Table 11. Contaminants listed in Table 11 include only those that have recently been determined
to pose a risk of 107 or higher (from Reference 3), and are listed in Table 11 by element.

' Waste identified as irradiated fuel is not spent fuel per the definition of DOE Order 5820.2A.
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Table 10. Radiological contaminants found to be contaminants of potential concern (COPC) in
the PSRA.

Curies, at time Grams, at time

of emplacement* of emplacement
Am-241 150,000 46,000
C-14 21,000 4,700
Co-60 2,400,000 2,100
Cs-134 2,200 0.17
Cs-137 620,000 7,100
Eu-152 240 1.1
Eu-154 2,800 19
Eu-155 11,000 8.6
Fe-55 1,100,000 440
H-3 1,100,000 110
Mn-54 180,000 22
Nb-54 51 270
Ni-59 4,500 59,000
Ni-63 690,000 11,000
Np-237 1.9 2,700
Pu-238 2,600 150
Pu-239 66,000 1,100,000
Pu-240 15,000 66,000
Pu-241 410,000 3,600
Pu-242 0.99 250
Ra-226 59 60
Sb-125 140,000 130
Sr-90 450,000 3,200
Te-125m - -
Th-228 - -
U-232 8.4 0.3%
U-233 1.1 120
U-235 6.8 3,200,000
U-238 90 270,000,000

* Curies from Reference 1, Table S-2
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Table 11. Radiological Contaminants by Categories

1. Elements forming volatile compounds: H, I, Cl, C

2, Transuranic elements: Am, Pu, U, Np, Cm, Th

3. Others: Sr, Cs, Ni, Tc, Nb, Ra, Co, Eu, Na

The following requirements are derived from or related to the radiological contaminants known
to be present in SDA waste:

L.

Ability to adequately detect and handle different levels of radioactivity, from
background levels to irradiated fuel* and radioactive sources. Thus a treatment
process must not only be able to remove low levels of, for example, TRU
contamination in soil, but also detect and process high concentrations of both fuel*
and depleted uranium. (need to quantify activity variation with data from
RWMIS)

Ability to handle/process carbon-14 into acceptable final waste form.,
Ability to handle/process tritium into acceptable final waste form.

Ability to handle/process radioactive halogens.

Ability to handle, separate and process Sr-90 into an acceptable waste form.

Ability to handle, separate and process Cs-137 into an acceptable final waste
form.

Ability to handle, separate and process Am, U, and Pu into an acceptable final
waste forms

Ability to process Ni, Tc, Nb, Ra, Co, Eu, and Na into acceptable final waste
forms.

* Waste identified as “irradiated fuel” or "fuel” is not spent fuel per the definition of DOE Order 5820.2A.
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3.0 REMEDIATION ALTERNATIVES

A review of technologies and processes was made to identify data needs for the feasibility study
for QU 7-13 pits and trenches. According to EPA guidance documents for feasibility studies,
the three screening criteria for evaluating process options are effectiveness, implementability and
cost.

3.1 Technology & Process Option Data Sources

Information on remediation technologies is available from computer databases, technical reports
containing reviews and summaries of technologies, technical and commercial literature, and
vendors of remediation technology. Data from the Pit 9 Limited Production Test will also be
important in evaluating process options for remediation of OU 7-13/14.

3.1.1 Databases

The U.S. Environmental Protection Agency (EPA) has generated and maintains three data bases
to support remediation projects. The Vendor Information System for Innovative Technology'!
(VISITT) contains information on 27 bench-scale, 49 pilot-scale, and 201 full-scale technologies.
The data base includes the description, limitations, waste applications, project data, cost
estimates, technical references, contacts, and other information for each technology. While most
of the technologies are full-scale, the database is limited to innovative technologies.

The EPA also maintains other databases. The Alternative Treatment Technology Information
Center (ATTIC) computer database provides abstracts on all types of hazardous waste treatment
technologies, and links to several other treatment databases. Another EPA database is the
Treatability Data Base that contains information on 1217 chemical compounds and 15,800 sets
of treatability data.

The Techcon program includes access to technical and business information on domestic and
foreign sourcesfor mature, proven, and commerically-available technology.

3.1.2 Reviews and Summaries

Technology Logic Diagrams have been prepared for INEL Waste Area Groups (WAG)."
Technologies are grouped into categories of characterization, retrieval, biological and chemical
treatment, thermal and physical treatment, caps and barriers, decontamination, dismantlement,
material disposition, and robotics/automation. Alternative technologies are outlined for each
Operable Unit, with information on the status, science and technology needs and implementation
needs of alternative technologies. Data sheets for each technology are contained in a separate
volume.
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Treatment technology data was collected in a pre-engineering study for a Mixed and Low Level
Waste Treatment Facility at the INEL."® The report contains data on input streams, output
streams, advantages, limitations, and the status of each technology. In another study of
alternative treatment technologies for DOE mixed waste, life-cycle costs were determined for
19 different treatment systems. !

Several studies have reviewed or evaluated treatment options for waste buried at the SDA,'*'
3.1.3 Technical and Commercial Literature and Contacts

Other technical data is available in waste treatment handbooks, engineering textbooks,
environmental journals, EPA documents, reports from other DOE sites, and commercial
literature. A bibliography of resource documents contained in the EPA guidance document for
conducting feasibility studies under CERCLA, and is included in this EDF as Appendix B.

3.1.4 Pit 9 Interim Action Remediation Design and Test Documents

Data generated in the design, proof of principle, limited production test, and operation of the
Pit 9 remediation project should be used in the feasibility study to evaluate the Pit 9 process
relative to alternatives for remediation of OU 7-13/14.

3.2 Process Option Data Needs

For the feasibility study, data is needed for "technology types," defined as general categories
of technologies, for the one criteria of implementability; for process options (single technologies
that treat a single media) in the three screening criteria categories of effectiveness,
implementability and cost; and finally for a reduced set of aiternatives (combinations of process
options to remediate entire site) in the nine evaluation criteria of

Overall Protection of Human Health and Environment
Compliance with ARARs

Long-term Effectiveness and Permanence

Reductions in Toxicity, Mobility and Volume Through Treatment
Short-term Effectiveness

Implementability

Cost

State Acceptance

Community Acceptance.

WO N R W

To enable a thorough screening of process options, blank data sheets were developed for various
groups of process options. Data sheets have specific questions regarding the screening criteria
of effectiveness, implementability and cost, and well as space for contacts and references. In
general, effectiveness must be measured against treatment objectives. As objectives become
better defined, the data sheets should be updated.
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3.2.1 Data Sheet for In-Situ Treatment Systems

In-situ technologies are considered as complete systems, and may consist of pretreatment steps,
a grouting or vitrification system, offgas treatment and support systems, such as electrical power
generation or transmission. Certain technologies such as bioremediation for specific
contaminants or vapor vacuum extraction may be considered as subsystems in an overall in-situ
system. However, the number of total in-situ systems is expected to be relatively small.

In the data sheet, effectiveness is evaluated in five categories: effectiveness in treatment of all
types of medium and waste forms in the SDA pits and trenches, effectiveness in minimizing
worker exposure, effectiveness in minimizing final waste quantities and emissions, effectiveness
in destroying organic contaminants, and effectiveness in immobilizing radiological and inorganic
contaminants. Implementability is based on the number and capacity of commercial and pilot
facilities and demonstration results or plans.

Table 3-1. Data Sheet for In-Situ Treatment System

Technology Name(s):
Commercial Name:

Effectiveness (medium and waste types)

v
2
Z

Applicable to

|

Contaminated soil
Contaminated metal
Combustible waste
Cemented sludges, concrete, brick, etc.
Uncemented sludges
Salts
Nitrates
Other salts
Mixed waste types
Drums of liquids
Aqueous liquids
Acids
Organic liquids
Halogenated
Nonhalogenated
Organophosphates
Gas cylinders
High activity waste
Pyrophoric materials
Lead wastes
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Asbestos

Other restrictions on waste types and pretreatment requirements:
Effectiveness (worker exposure during treatment):
Effectiveness (final waste quantity and compaosition)

Offgas characteristics/treatment system:
Liquid wastes: (types and relative rates and compositions)
Solid wastes: (types and relative rates and compositions)

Effectiveness (contaminant destruction)

Destruction efficiency for PCBs:
Destruction efficiency for halogenated organics:
Destruction efficiency for nonhalogenated organics:

Effectiveness (contaminant immobilization)

Fate of volatile radionuclides: (H, “CO,, halogens...)
Fate of volatile and semivolatile metals: (Hg, Pb, Cd, As...)
Will the following contaminants be processed into a stabilized waste form?
RCRA-metals
Reducing agents (hydrazine, ammonia)
Oxidizing agents (nitrates)
Sr-90
Cs-137
TRU elements
Is further stabilization required for any solid wastes:

Implementability

Commercial Capacity and number of commercial facilities:
Demonstrated Capacity or Demonstration Plans:

Costs

Demonstration and Testing:
Capital:
Operating:
Utility Requirements:
Electricity:
Fuel (type & rate):
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Water:
Other:

Yendors, Contacts, References:

3.2.2 Data Sheet for In-Situ Isolation Technologies

Isolation technologies would add physical barriers between the waste and the environment, in
part or in whole, Effectiveness is evaluated in terms of coverage, resistance of the barrier to
penetration of water or biological life from outside the barrier, resistance of the barrier to
release of contaminants to surrounding air, soil, or groundwater, resistance to degradation, and
worker exposure during construction and maintenance. Implementability is evaluated in terms
of the number and type of projects that have used the technology and the results of
demonstrations.

Table 3-2, Data Sheet for In-Situ Isolation Technology

Technology Name(s):
Commercial Name;

Effectiveness (coverage)

Size limitations of barrier, including height, depth into soil, and horizontal capability
Location(s) of barrier

Effectiveness (penetration)

Biological penetration (plants and animals)
Water penetration

Effectiveness (contaminant release to the environment)

VOC release to atmosphere

Radionuclide migration to groundwater and aquifer
Hazardous organics migration to groundwater and aquifer
Migration of contaminants to soils outside of SDA

Effectiveness (resistance to degradation)
Chemical stability
Resistance to biodegradation

Resistance to moisture
Resistance to freezing/thawing cycles
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Design earthquake magnitude
Expected lifetime

Effectiveness (worker exposure during construction and maintenance):
Implementability
Commercial usage (number, size, type)
Hazardous waste sites:
Nuclear waste sites:
Demonstration projects or plans:
Costs
Demonstration and Testing:
Construction:

Maintenance:

Vendors, Contacts, References:

3.2.3 Data Sheet for Retrieval Technologies

Retrieval is a subsystem that would be required for any ex-situ process. Effectiveness is
evaluated in terms of applicability to all the SDA waste forms, minimization of worker exposure
to radiation, and minimal secondary waste from dust generated, contaminated equipment,
chemicals or handling or packaging materials.

Table 3-3. Data Sheet for Retrieval Technology

Technology Name(s):
Commercial Name:

Effectiveness (Applicability to SDA waste media and forms)

Wet soil/sludge

Dry soil (including fines)

Waste containers - drums, boxes, casks
Large waste items - trucks, tanks, etc.
Radiological sources

Gas cylinders

Pyrophoric material

Wire cables
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Effectiveness (worker exposure):

Remote Operations

Maintenance Operations

Bubble Suit Use

Use of various manipulators

Handling and sizing of large objects in the pits/trenches
Control Systems/Data Acquisition Systems/Vision systems
Dust generation ’

Effectiveness (secondary wastes):

Dust generation

Contamination control system capacity and approach
Large objects sizing system

Sorting ability

Funnel/conveyance/transport system

Implementability

Standard unit retrieval rate capabilities:
Demonstrated projects or demonstration plans

Nuclear sites:

Hazardous waste sites:

Demonstration of remote operation:
Capabilities of support systems

Contamination/air system:

Water requirements:

Fuel requirements:

Local control rooms:

Measurements - weights, volumes, air quality, flows, radioactivity

Costs

Demonstration and Testing:
Capital:
Main system
Support system
Operating:
Major Utility Usages:

Vendors, Contacts, References;
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3.2.4 Data Sheet for Pretreatment Technologies

Pretreatment steps include any sorting, sizing, or contaminant removal in order for a
downstream process to properly function. Sorting could involve separation by phase, type, size,
density or other means. Processes will typically involve physical separation but some processes
may involve chemical reactions or separations. The data sheet below is intended to be general,
and some parts may not apply to some pretreatment technologies.

Table 3-4. Data Sheet for Pretreatment Technology

Technology Name(s):
Commercial Name:

Effectiveness (medium and waste types)

Applicable to Yes

&

Soil
Metal
Combustible waste
Cemented sludges, concrete, brick, etc.
Uncemented sludges
Salts
Nitrates
Other salts
Mixed waste types
Drums of liquids
Agqueous liquids
Acids
Organic liquids
Halogenated
Nonhalogenated
Organophosphates
Gas cylinders
High activity waste
Pyrophoric materials
Lead wastes
Asbestos

Other restrictions on waste types:
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Effectiveness (degree of separation)

Targeted separation(s):
Separation efficiency or efficiencies:

Effectiveness (degree of size reduction)

Target output size:
Size reduction efficiency:

Effectiveness (worker exposure during treatment and maintenance):

Dust generation:
Offgas generation:

Effectiveness (secondary waste quantities and composition)
Offgas/blanketing gas characteristics/rates:
Liquid wastes: (types and relative rates and compositions)
Secondary solid wastes: (types and relative rates and compositions)

Implementability

Commercial Capacity and number of commercial facilities:
Demonstrated Capacity or Demonstration Plans:

Costs
Demonstration and Testing:
Capital;
Operating:
Major Utility Requirements;

Vendors, Contacts, References:

3.2.5 Data Sheet for Decontamination Technologies
Decontamination involves physical, chemical, mechanical or thermal surface cleaning or

removal. Bulk decontamination methods will be considered under the thermal treatment
category.
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Table 3-5. Data Sheet for Decontamination Technology

Technology Name(s):
Commercial Name:

Effectiveness (medinm and waste types)

>

Applicable to Yes No

Large metal items
Metal containers
Small metal items
Wood

Congcrete

Plastic

Composite Materials
Bulk Lead

Restrictions on waste types, forms or sizes:
Effectiveness (decontamination factors)

TRU elements:
Other radionuclides:

Effectiveness (worker exposure during operation):

Effectiveness (secondary waste quantities and compeosition)
Offgas characteristics/rates:
Liquid wastes: (types and relative rates and compositions)
Secondary solid wastes: (types and relative rates and compositions)

Implementability

Commercial Usage and processing rate capability:
Demonstration projects or plans:

Costs
Demonstration and Testing:
Capital:
Operating:
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Major Utility Requirements:

Vendors, Contacts, References:

3.2.6 Data Sheet for Thermal Treatment and Oxidation Technologies

Thermal treatment includes incineration technologies, ex-situ vitrification and melter
technologies, pyrolysis, gasification and thermal desorption technologies. Oxidation technologies
include supercritical water oxidation, catalytic oxidation processes, electrolytic oxidation
processes, photooxidation processes and others.

Table 3-6. Data Sheet for Thermal Treatment System

Technology Name(s):
Commercial Name:

Effectiveness (medium and waste types)
Applicable to Yes No

Contaminated soil
Contaminated metal
Combustible waste
Cemented sludges, concrete, brick, etc.
Uncemented sludges
Salts
Nitrates
Other salts
Mixed waste types
Drums of liquids
Aqueous liquids
Acids
Organic liquids
Halogenated
Nonhalogenated
Organophosphates
Gas cylinders
High activity waste
Pyrophoric materials
Lead wastes
Asbestos

Other restrictions on waste types and pretreatment requirements:



Effectiveness (worker exposure during treatment):
Maintenance requirements:
Effectiveness (final waste quantity and composition)

Offgas characteristics/treatment system:
Liquid wastes: (types and relative rates and compositions)
Solid wastes: (types and relative rates and compositions)

Effectiveness (contaminant destruction)

Destruction efficiency for PCBs:
Destruction efficiency for halogenated organics:
Destruction efficiency for nonhalogenated organics:

Effectiveness {contaminant immobilization)

Fate of volatile radionuclides: (H, “CO,, halogens...)
Fate of volatile and semivolatile metals: (Hg, Pb, Cd, As...)
Will the following contaminants be processed into a stabilized waste form?
RCRA-metals
Reducing agents (hydrazine, ammonia)
Oxidizing agents (nitrates)
Sr-90
Cs-137
TRU elements
Is further stabilization required for any solid wastes:

Implementability

Commercial Capacity and number of commercial facilities:
Demonstrated Capacity or Demonstration Plans:

Costs

Demonstration and Testing:

Capital:

Operating:

Utility Requirements:

Electricity:
Fuel (type & rate):
Water:
Other:
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Vendors, Contacts, References:

3.2.7 Data Sheet for Chemical and Biological Separation Technologies

Chemical separation technologies are used to remove specific contaminants from the waste, such
as organics from soil or transuranic elements from soil. Other processes that might be
considered would be for removal of tritiated water and “CQO, from offgas or strontium from
irradiated fuel.* Unit operations may involve extraction, dissolution, reactions, membrane
separation, adsorption, absorption, distillation, precipitation or others.

Table 3-7. Data Sheet for Chemical or Biological Separation Technology

Technology Name(s):
Commercial Name:

Effectiveness (medium and waste types)

Applicable to Yes No
Soil
Metal

Combustible waste
Cemented sludges, concrete, brick, etc.
Uncemented sludges
Salts
Nitrates
Other salts
Mixed waste types
Drums of liquids
Aqueous liquids
Acids
Organic liquids
Halogenated
Nonhalogenated
Organophosphates
Pyrophoric materials
Lead wastes
Asbestos

Other restrictions on waste types:

! Waste ideatified as irradiated fuel is not spent fuel per the definition of DOE Order 5820.2A.
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Effectiveness (degree of separation and product quality)

Targeted separation(s):

Separation efficiency or efficiencies:

Level of contaminant remaining in/on solid product:
TRU (nCi/g):
Hazardous organics (ppm):
Other:

Is further stabilization required of solid product?

Is further treatment required of solid product?

Effectiveness (worker exposure):

Effectiveness (secondary waste quantities and composition)
Offgas characteristics/rates:
Liquid wastes: (types and relative rates and compositions)
Secondary solid wastes: (types and relative rates and compositions)

Implementability

Commercial Capacity and number of commercial facilities:
Demonstrated Capacity or Demonstration Plans:

Costs
Demonstration and Testing:
Capital:
Operating:
Major Utility Requirements:

Vendors, Contacts, References:

3.2.8 Data Sheet for Offgas Treatment Systems

Offgas treatment systems remove contaminants from gases present in waste or generated in
treatment,

Table 3-8. Data Sheet for Offgas Treatment System

Systern Name:
Unit Operations:
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Effectiveness (emission levels)
Total hydrocarbons
CcoO
Dioxins
Particulate less than 10 microns
Metal emissions
Radionuclides
HC]
SO,
NO,
NH,

Effectiveness (worker exposure during treatment):
Effectiveness (solid and liquid secondary waste quantities and compositions)

Liquid wastes: (types and relative rates and compositions)
Solid wastes: (types and relative rates and compositions)

Effectiveness (contaminant immobilization)
Fate of volatile radionuclides: (H, *CO,, halogens...)
Fate of volatile and semivolatile metals: (Hg, Pb, Cd, As...)
Is further stabilization required for any solid wastes:

Implementability

Commercial Capacity and number of commercial facilities:
Demonstrated Capacity or Demonstration Plans:

Costs

Demonstration and Testing:
Capital:
Operating:

Major Utility Requirements:

Vendors, Contacts, References:

3.2.9 Data Sheet for Stabilization Technologies

Stabilization technologies transform wastes, primary or secondary, into a final form in which
any remaining contaminants are in an immobilized form.
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Table 3-9. Data Sheet for Stabilization Technology

Technology Name(s}:
Commercial Name:

Effectiveness (medium and waste types)
Applicable to Yes No

Contaminated soil
Contaminated metal
Combustible waste
Cemented sludges, concrete, brick, etc.
Uncemented sludges
Salts
Nitrates
Other salts
Mixed waste types
Drums of liquids
Aqueous liquids
Acids
Organic liquids
Halogenated
Nonhalogenated
Organophosphates
Gas cylinders
High activity waste
Pyrophoric materials
Lead wastes
Asbestos

Other restrictions on feed types or pretreatment requirements:
Effectiveness (worker exposure during treatment):
Effectiveness (final waste quantity and compaosition)
Offgas characteristics/treatment system:
Liquid wastes: (types and relative rates and compositions)
Solid wastes: (types and relative rates and compositions)

Effectiveness (contaminant immobilization)

Fate of volatile radionuclides: (H, “CO,, halogens...)
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Fate of volatile and semivolatile metals: (Hg, Pb, Cd, As...)
Will the following contaminants be processed into a stabilized waste form?
RCRA-metals
Reducing agents (hydrazine, ammonia)
Oxidizing agents (nitrates)
Sr-90
Cs-137
TRU elements
Organics
Is further stabilization required for any solid wastes:

Implementability

Commercial Capacity and number of commercial facilities:
Demonstrated Capacity or Demonstration Plans:

Costs
Demonstration and Testing:
Capital:
Operating:
Major Utility Requirements:

Vendors, Contacts, References:

3.3 Representative Systems

A thorough evaluation of alternatives will be part of the OU 7-13/14 feasibility study. However,
to develop better relative costs of different systems than could be obtained from technical and
commercial sources, four representative alternatives were defined. These are shown
schematically in Figures 1-4.

3.3.1 In-Situ Vitrification Treatment System

The in-situ vitrification alternative would consist of four subsystems, pretreatment, melting,
offgas treatment, and support systems. In-situ treatment provides an alternative that treats the
entire site, both soil and all forms of buried waste, by a the same process. Pretreatment would
be needed to avoid or minimize undesirable transient conditions during melting, such as large
evolutions of off-gas or large changes in offgas heat loadings. Pretreatment may be done to
reduce void volumes in waste containers, to breech sealed containers of liquids, to remove
excessive volatile organics, or to add flux material within waste volumes to achieve the desirable
final product composition.

35



9t

Figure 1
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Figure 2

Ex-Situ Treatment System
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Figure 3

‘Moderate Treatment System
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Figure 4

Extensive Treatment System and Recovery
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Melting is done by electrodes placed in the soil/waste area. Offgas treatment would include
quenching the offgas, scrubbing steps to remove acid gases and particulate, HEPA filters,
catalytic oxidation of organics, and a carbon bed to adsorb mercury. To capture tritium and
remove *CQ,, additional steps are needed. The primary support system needed for ISV is that
of electrical power generation and transmission. For the cost estimate it was assumed no
excavation would be done in pretreatment to remove wastes not amenable to ISV, that the ISV
electrodes would be moved both vertically and horizontally to adequately treat the site, and that
the vitrified waste would be left in place.

3.3.2 Ex-Situ Vitrification Treatment System

Ex-situ vitrification consists of five subsystems: retrieval, pretreatment, melting, offgas
treatment, and support systems. Pretreatment steps would prepare the soil and waste for the
melter, and involve removal of large items and size reduction. It is assumed that the melter is
heated electrically and hence the offgas system would be similar to that for ISV. It is also
assumed that all soil and waste is vitrified. The primary support systems would be the electrical
power supply and packaging of the vitrified product.

3.3.3 Moderate Treatment System

The Pit 9 remediation process is an example of a moderate treatment system. Less vitrified
waste results than for ISV or ex-situ vitrification processes. Contaminants are removed from
a moderate to large fraction of the soil volume such that future risks are greatly reduced from
the returned soil. The system consists of six subsystems: retrieval, pretreatment, chemical
separation, melting, offgas treatment and support systems. The melter was assumed to be a
plasma melter, which in contrast to the first two systems, uses fuel rather than electricity for
thermal energy. Pretreatment both separates soil that will be chemically cleaned from waste and
highly contaminated soil that will be melted, and accomplishes the greater degree of sorting
required for feed to the plasma melter. Large items, metals, and special wastes such as NaK
and gas cylinders would be removed, and the waste would be shredded and then processed in
the melter.

The chemical separation steps remove organics and radionuclides from the soil such that it can
be returned to the ground. Soil would be washed with a solvent to remove organic contaminants
and leached to remove radionuclides and hazardous metals that are COPC. Systems would be
included to recover both the solvent used in soil washing and the acid used in leaching.

Because of a large volume of combustion gases from the melter due to combustion of fuel, and
offgases from chemical separation steps, the offgas system will be larger than the vitrification
systems. Support systems include an extensive monitoring and control system, a steam system,
cooling water, decontamination of waste containers, and a wastewater treatment system. Steam
is used primarily in evaporators in the acid recovery and leach systems.
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3.3.4 Extensive Treatment and Product Recovery

The goal of the extensive treatment system is to minimize the amount of final TRU waste by
recovering TRU elements. Lead and scrap metal would also be recovered. The treatment
system includes ten subsystems. Retrieval would be similar to the other ex-situ treatment
systems. The pretreatment steps would separate lead, metal, large items, irradiated fuel® and
other special category wastes. The treatment system would make maximum use of
decontamination to result in clean metal, lead and other materials that could be sold or reused
at DOE laboratories. Chemical separation would not only remove organic constituents and TRU
elements, but other radiological contaminants such as strontium and cesium. The concentrated
TRU waste from the leach system would be further process by a TRU recovery system to
recover uranium and plutonium.

Oxidation of combustible waste would be performed either by an incinerator or a catalytic
oxidation unit, preceded by a thermal desorber. The system would contain a melter, but it
would process mainly secondary wastes and very little soil. The other subsystems are offgas
treatment, support systems similar to the moderate treatment system, and a subsystem for
treatment of NaX and other pyrophoric wastes.

3.4 Process Option Examples

In order to better identify data needs for different process options, selected processes were
reviewed according to the data sheets. This was not meant to be a comprehensive review of
processes but was done to better identify data gaps. A more thorough review should be done
and other processes reviewed during the OU 7-13/14 feasibility study.

3.4.1 Joule-heated in situ vitrification
3.4.1.1 Description

In Situ Vitrification (ISV) is a thermal treatment process that converts contaminated soil into a
chemically inert and stable glass and crystalline product. This process employs Joule heating
which refers to utilizing the material being heated as the resistance element in an electrical
circuit. It operates by the insertion of a square array of four molybdenum and graphite
electrodes into the ground into the desired treatment depth and applying an electrical potential
to the electrodes to melt/vitrify the soil, debris and contaminants into a vitrified mass similar to
volcanic obsidian at temperatures between 1600 to 2000 degrees centigrade. Several
pretreatment technologies have been employed to render a wide array of buried waste acceptable
for ISV treatment. These pretreatment options include: compaction by means of a vibratory
beam, high-pressure jet grouting to inject solids into void spaces, resistance soil heating to
remove VOCs and SVOCs, and selective excavation to remove unacceptable materials (i.e.;
pressurized gas cylinders) followed by restaging the remaining materials for ISV processing.

* Waste identified as irradiated fuel is not spent fuel per the definition of DOE Order 5820.2A
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ISV has been commercially available for two years. During this period it has been successfully
used at two Superfund Sites and is presently treating contaminated soil at a third Superfund Site.
Several design modifications have been made to the ISV system since its introduction, that have
resulted in its current recognition as a preferred technology of choice for treating mixed waste.
It has been selected by the British government as preferred technology for treatment at the
Maralinga site (a British nuclear weapon test site) in southern Australia, to remedate 21 pits
containing kilogram quantities of plutonium (22 kilograms, total), significant quantities of
uranium, heavy metals, massive amounts of steel and other debris and other chemically
contaminated materials.

3.4.1.2 Data Review

Technology Category: In-Situ Treatment

Technology Names: Joule Heated Vitrification, with pretreatment, In-Situ
Vitrification

Commercial Name: ISV, In-Situ Vitrification

Commercial Capacity: 3 to 6 tons/hr; up to 1200 tons/melt with online operating

efficiency of 83% to 90%. Full-scale mixed waste capacity is
still being evaluated in on-going demonstration work and is
believed to be site specific based upon contaminants present, their
respective concentrations, soil conditions, and pretreatment
requirements such as selective sorting and container puncturing.

Demonstrated Capacity or Demonstrated capacity is same as commercial capacity shown

demonstration plans: above. Demonstration plans call for ISV Demonstrations on
radioactive waste at Oak Ridge and in Australia for 1995. ISV has
been identified as the “"technology of choice” in a recently
completed treatability study for treating buried waste at Rocky
Flats, Colorado consisting of mixed waste with plutonium,
uranium, many chlorinated solvents, oil, diesel, and gasoline.

The demonstration at Oak Ridge National Laboratory (ORNL) is
scheduled to occur in August, 1995 with three large melts of Pit
1 (30 ft wide by 115 ft long by 10+ ft deep) containing
radioactive liquid waste seepage at ORNL. The contaminants of
concern for this demonstration are strontium-90, Cesium-137,
depleted uranium, and plutonium-239. This demonstration will be
jointly performed by ORNL, Pacific Northwest Laboratory (PNL),
and Geosafe Corporation, the licensed technology manufacturer.
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Applicable to:

The Maralinga site demonstration is in its second phase of a four
phase project. The second phase consists of an 8-month test of an
intermediate-scale ISV system (75kW) scheduled to begin in
summer of 1995 on actual contaminated soils and debris at the test

range.

Contaminated soil

Contaminated metal

Combustible waste

Cemented sludges, concrete, brick, etc.
Uncemented sludges

Salts

Nitrates
QOther salts

Mixed waste types

Drums

of liquids

Aqueous liquids

Acids

Organic liquids

Halogenated
Nonhalogenated
Organophosphates

Gas cylinders

High activity waste
Pyrophoric materials
Lead wastes
Asbestos

Yes No

X

x (up to 30-40% by weight)
X

X (up to at least 9%)

X

X

X

X

x (must be punctured or sufficiently degraded)
x (up to 75 wt% water)

x (up to 75 wt% water)

X

X

X

X

x (unpressurized gas cylinders only)

X (demonstration at Maralinga site, 1995)
X

X

X

The following limitations must be considered and provisionally allowed for in the final ISV
design process;

0
0

=]

Treatment depths over 20 feet require special provisions,

Total organic content should be less than 10 wt% (limitation is based on off-gas
cooling; could be raised to 70% with cooling redesign)

The media must be acceptable for joule-heated melting

Water recharge rates that are sufficiently high, may require a dewatering system
Sealed containers of liquids or gases require special provisions (pretreatment, pre-
test segregation or off-gas system expansion)

Very large voids must be filled or collapsed.
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Pretreatment requirements:

Yes No

(listing in addition to limitations noted above)

Soil conditioning;

moisture addition (as required) X
graphite addition (start-up only) X
glass frit addition (start-up only) X

Level of worker exposure:

Offgas characteristics
and treatment system:

ISV is one of lowest personnel exposure mixed waste treatment
technologies due to minimal excavation needs and resultant
personnel contact potential for contaminants being remediated.
ISV can be operated remotely. A shrouded and totally enclosed
hood encompasses the area being remediated. No ingress or
egress is required of personnel into the enclosure during the
vitrification processing.

The offgas treatment passes through the following sequential
processing steps; quench, scrub, dewater, heat, filter, carbon
adsorb, and thermal oxidizer.

Fate of volatile radionuclides? (*H, “CO,, halogens...) Volatile radionuclides can be captured

Fate of volatile and
semivolatile metals?

Liquid wastes:

Solid wastes:

in the gaseous emission control system and result in a residual waste
to be handled. Some process residuals (i.e.; used scrub solution,
bag filters, HEPA filters, and PPE) can be disposed in subsequent
melt settings to reduce the volume of these materials requiring
ultimate disposal offsite. Scrubber water generated during treatment
may require special handling depending upon the type and level of
contaminants being treated. *C will not be captured in current
offgas system design.

Same as above for subsequent handling/disposal of process residuals
from volatile radionuclides.

The only liquid waste stream, identified above, is the scrubber
water generated during treatment. The relative rate and
composition of the scrubber water should be available from demos
on radioactively contaminated sites (two are planned for 1995).

No further stabilization is required, except in the case where
treatment included removal of some debris. More definitive
information on waste forms generated should be available from
demos planned for 1995 at Maralinga, Australia, and Oak Ridge,
Tennessee. Information is presently available from Parsons.



Will the following contaminants be processed into a stabilized waste form?

PCBs: The TSCA Demonstration project that concluded in November,
1994 in Spokane, Washington during which over 17,000 ppm
PCBs were treated resulted in following:

0 No detectable PCBs were present in the residual vitrified product.

0 No detectable PCBs were found at the off-gas stack.

o - No measurable increase in the background PCB content was detected in
the soils adjacent to the treatment zone

Note: The EPA is currently reviewing the performance report for this project.

RCRA-metals: Surpasses TCLP requirements on waste form (vitrified mass)

Reducing agents: not expected to be a problem, may cause additional metals to
drop out

Ammonia: will likely be oxidized to NO, and water; NO, will be absorbed in
offgas treatment

Sr-90: total immobilized by ISV = 99.9999 - 99.999999

Cs-137; total immobilized by ISV = 99.99 - 99.9999

TRU elements; total immobilized by ISV = 99.9999 - 59.999999

Utility Requirements:

Costs:

Electricity: 12.5 or 13.8 kV 3-phase required. Demand = 3.2 MW, peak =
4.0 MW

Electricity consumption: 700 to 1000kWh/ton of soil processed

Fuel: 3 MBtu/hr fuel gas support for off-gas thermal oxidizer

Water, nonpotable requirement: Site specific, to be determined.

Demonstration/Testing: Currently being carried out by ORNL/PNL Demo.

Capital: Unknown at this time

Operating: Unknown at this time

Geosafe Corporation Literature cites costs of $370 to $420 per ton
of soil treated, based upon treatment cost for hazardous waste at
superfund sites treated to date by ISV. It is expected that mixed
waste treatment costs will be significantly higher. Information will
soon be available from the Maralinga test.
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Vendors, Contacts, References:
1. VISITT 3.0 database, vitrification technology

2. EPA Site Technology Capsule; Geosafe Corporation In Situ Vitrification
Technology, EPA 540/R-94/520a, November 1994

3. Geosafe Corporation; In Situ Vitrification Fact Sheet, November 1994

4. B. P. Spalding, Treatability Study Work Plan for In Situ Vitrification of Seepage Pit
1 in Waste Area Grouping 7 at Oak Ridge National Laboratory, Oak Ridge, Tennessee,
July, 1994, DOE/OR/01-1158

5. L. E. Thompson, B. E. Campbell, J. L. McElroy, C. L. Timmerman, Geosafe
Corporation, In Situ Vitrification: Results from Three Large Scale Commercial
Applications Involving Contaminated Soil and Debris and the Status of an International
Application on a Mixed-TRU Buried Waste, December, 1994

6. Application of In Situ Vitrification 1o Buried Wastes, Geosafe Corporation, April,
1995

7. Record of Telephone Communication with ORNL’s B. P. Spalding, 615-574-7265
by W. J. Prendergast, June 23, 1995

8. Record of Telephone Communication with E G & G’s J. McLaughlin, 303-966-6995
of Rocky Flats, Colorado by W. J. Prendergast, June 21, 1995

9. Record of Telephone Communication with INEL’s R. Farnsworth, 208-526-6986 by
W. J. Prendergast, June 21, 1995

10. Record of Telephone Communication with Geosafe’s M. J. Haass, 509-375-0710 by
W. J. Prendergast, June 20, 1995

3.4.1.3 Data Gaps

Data from the Rocky Flats treatability study and the larger scale tests at Oak Ridge and
Maralinga should be obtained for evaluation of ISV in the OU 7-13/14 feasibility study. Data
from these tests will establish the effectiveness and implementability for ISV at nuclear waste
sites. Cost estimates from Geosafe or based on these upcoming tests should be obtained.
Discussions with Geosafe are needed to better define the pretreatment system that would be
required, based on SDA waste information contained in section 2, and to obtain more specific
information on ISV treatment after remediation objectives are better defined. To evaluate ISV
for the SDA, information on the chemical composition of SDA soil, and variation of composition
with position may be needed.
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3.4.2 Low temperature Joule-heated melter
3.4.2.1 Description

Low temperature Joule-heated melter technology can be applied to both in situ and ex situ
treatment applications. The ex situ treatment can be batch, semi-continuous or continuous; most
of the available data is based on a batch process due to the size limitations. Using joule heating,
an electric current is passed through the molten material between submerged electrodes. The
unique feature of the process is the addition of fluxing material to achieve vitrification at a
relatively low temperature. The process itself is a joule-heated process since it uses the material
itself to provide electrical resistance and thereby increase the materials temperature until it melts
into a molten, glass-like state. This low temperature is possible since the fluxing material
behaves like an impure substance which lowers the melting point.

Vitrification equipment which is currently available on the market may be used for the process
in conjunction with the fluxing agent. The Vitriflux vendor, EM&C Engineering Associates,
can supply the total process design on a site-specific basis as is normally required.

All vitrification technologies, whether they be joule-heated or incinerators using fired sources
for heat input, may potentially benefit by addition of fluxing agents to lower the melt
temperature and thereby reduce the temperatures in the equipment. This can permit melting to
occur at temperatures that do not exceed those allowable for modern refractory materials, steel,
or many metal alloys that are used for vessel shells housing the refractory liners.

3.4.2.2 Data Review

Technology Category: In-Situ Treatment or Ex-Situ Thermal Treatment

Technology Name: Low-Temperature Joule-Heated Melter

Commercial Name: Vitrifiux

Commercial Capacity: Approximately 300 to 4000 Ibs per hour are believed to be typical

ranges, but specific feed rates for a current full scale unit being
built by the vendor, EM&C Engineering Associates, was not able

to be found.
Demonstrated Capacity Only one manufacturer was identified that is currently building a
or demonstration plans full-scale unit for a client per the VISITT innovative treatment

technology data base as of June, 1994, That manufacturer is
EM&C Engineering Associates of Cosa Mesa, California. The
capacity of the process was not published, but it was stated that
two additional units were being designed at that time. It is
anticipated that the unit being built in 1994 is now operational and
that this data will become available.
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Applicable to: Yes No
Contaminated soil X
Contaminated metal X
Combustible waste X
Cemented sludges, concrete, brick, etc. X
Uncemented sludges X
Salts
Nitrates X
Other salts X
Mixed waste types X
Drums of liquids x (must be punctured first)
Aqueous liquids X
Acids X
Organic liquids X
Halogenated X
Nonhalogenated X
Organophosphates X
Gas cylinders X (unpressurized gas cylinders only)
High activity waste x (potentially)
Pyrophoric materials X
Lead wastes X
Asbestos X
Restrictions on feed form: The following limitations must be considered and
provisionally allowed for, for in-situ application:
0 Treatment depths over 20 feet require special provisions,
o Total Organic content should be less than 10 wi%
0 The media must be acceptable for joule heated melting
0 Water recharge rates that are sufficiently high, may require a dewatering system
0 Sealed containers of liquids or gases require special provisions
0 Very large voids must be filled or collapsed.

Pretreatment requirements: Yes No
(in addition to limitations noted above)

Soil conditioning; :
moisture addition (as required) X

graphite addition (start-up only) 4
glass frit addition (start-up only) X
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Retrieval (for ex-situ application):

Waste removal from containers x {probable)

Sorting (if yes, describe) x (pressurized gas cylinders must be removed
prior to vitrification)

Sizing X (unknown  sizing

requirements)
Level of worker exposure: Probably very low for in situ; actual demo resuits needed.
Offgas characteristics No information is available. It may require some additional offgas
and treatment system: treatment requirement if the fluxing agent(s) enter into any
chemical reactions with the waste.

Fate of volatile radionuclides? Unknown. Demonstration data is needed.

Fate of volatile and

semivolatile metals? Unknown. Demonstration data is needed.
Liquid wastes: Unknown. Demonstration data is needed.
Solid wastes: No further stabilization is believed to be required.

Will the following contaminants be processed into a stabilized waste form?

PCBs: The system vendor claims that PCBs will be handled/treated
effectively, but no data was provided to support that claim.

RCRA-metals: No data provided but it should be similar to the vitrification
process it is used with for passing TCLP requirements.

Reducing agents: unknown at this time

Ammonia: unknown at this time

Sr-90: unknown at this time.

Cs-137: unknown at this time.

TRU elements: unknown at this time.

Utility Requirements:
Electricity: 12.5 or 13.8 kV 3-phase required. Demand = 3.2 MW, peak =

4.0 MW
Electricity consumption: 700 to 1000kWh/ton of soil processed
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Fuel: Unknown at this time.
Water, nonpotable requirement: Site specific, to be determined.

Costs:
Demonstration and Testing: Unknown at this time.
Capital: Unknown at this time
Operating: Unknown at this time

EM&C Engineering Associates cites $40 to $100 per ton of contaminated soil, but it is
believed that the actual cost for treatment of mixed waste streams will be
considerably higher, especially if the process is carried out ex situ.

Vendors, Contacts, References:

1.

VISITT 3.0 database, vitrification technology, Environmental Protection Agency,

June, 1994.

2.

Telephone Communication (714-957-6429) with Mr, Mahamed Elgafi, President of

EM&C Engineering Associates, July 5, 1993.

3.4.2.3 Data Gaps

From this preliminary data review, the following data gaps were identified for this process:

Now

1. full-scale capacity
2.
3. demonstration results to better evaluate worker exposure, secondary waste rates and

feed sizing requirements for ex-situ application

types, and the stability of vitrified waste for the wide range of types of SDA
buried waste
ability to treat wastes containing reducing agents, ammonia, RCRA-hazardous metals,

Sr-90, Cs-137, and transuranics

. offgas system performance

utilities requirements
costs.

3.4.3 Plasma arc/torch melter

3.4.3.1 Description

The Plasma Arc Centrifugal Treatment System (PACT) uses electric energy from an arc, which
operates between a plasma torch and a rotating tub, to detoxify the material feed. The tub
rotates on a vertical axis inside a sealed chamber. The organic substances vaporize and are
burned (at 2000°F), partly in the reaction tub and partly in a downstream secondary combustion
chamber. Virtually all the inorganics become part of the glassy melt in the tub (in excess of
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3,000°F) held in place by centrifugal force. At suitable intervals, rotation is slowed and part of
the melt is tapped through the bottom of the tub into a mold. The cooled, solidified residue can
be either entirely glassy or partly crystalline; the residue will pass Toxicity Characteristics
Leaching Procedure (TCLP) tests in either case. The partly burned gases from the chamber also
exit through the bottom of the tub and are directed to the secondary combustion chamber, and
from there to a gas cleanup system. The advantage of the PACT process is that virtually all of
the material fed is converted into either a non-leachable solid which meets all the criteria for
delisting or into a gas suitable for discharge into the atmosphere. Much of the cleanup system
residues can either be recycled or discarded, leaving a net residue that can be less than 2 percent
of the material feed.

3.4.3.2 Data Review

Technology Category: Thermal Treatment

Technology Names: Plasma arc/torch melter

Commercial Name: Plasma Arc Centrifugal Treatment (PACT) System
Commercial Capacity: 2000 to 4000 1bs per hour.

Demonstrated Capacity A Proof of Process (POP test) utilizing the PACT system has been

or demonstration plans - completed for the planned remediation of Pit 9 located in the
Subsurface Disposal Area (SDA) at the Radioactive Waste
Management Complex (RWMC) at the INEL. The PACT system
as designed and modified to meet the needs of the Request for
Proposal (RFP) passed the POP test criteria. Currently, a full
scale processing system for Pit 9 is in the final design phase. As
called for in the RFP, the full scale processing system will perform
a Limited Production Test (LPT) to demonstrate the full scale
system on a limited quantity of Pit 9 waste forms. This LPT is
planned to occur in late 1996. Much was learned during the POP
test and resulted in design modifications of several parts of the
Plasma Arc/Torch system. The LPT will demonstrate the total
integrated processing system and thereby prove it’s overall
viability/capability to remediate Pit 9. The results of the LPT will
be very useful information in assessing this technology for the
subsequent remediation of the SDA and will be very important
assistance in the determination of how well this technology can
meet the treatment/remediation needs for OU 7-13/14.

As of June, 1994 there were four plasma arc furnace units
employing the PACT process operating in a demonstration mode
of operation; a 500 kW unit at Butte, Montana, 150 kW and a 200
kW units in Ukiah, California, and a 1200 kW unit in Muttenz,
Switzerland. All of these units are referred to as full scale units
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by the manufacturer, Retech, Inc., but admittedly the 150 and 200
kW units are almost an order of magnitude smaller than the 1200
kW unit, so they could more easily be thought of as pilot scale in

size.
Applicable to: Yes No
Contaminated soil X
Contaminated metal X
Combustible waste X
Cemented sludges, concrete, brick, etc. X
Uncemented sludges X
Salts
Nitrates X
Other salts X
Mixed waste types X
Drums of liquids x (may require premixing with
solids)
Aqueous liquids x (may require premixing with
' solids)
Acids x (may require premixing with
solids)
Organic liquids x (may require premixing with
solids})
Halogenated X
Nonhalogenated X
Organophosphates X
Gas cylinders x (unpressurized gas cylinders
only)
High activity waste x (must be demonstrated)
Pyrophoric materials x (concentration dependent)
Lead wastes X
Asbestos X
Restrictions on feed form:
0 Loose solids not greater than 6 to 8 cubic inches
) Drum waste may be fed, but provisionally the feed system must facilitate

size of containers. The material feed system design can facilitate this.

0 Although the feedstock may be liquid, slurry, or loose solid, premixing must be
considered to provide a homogeneous feedstock with a similar consistency and
heating value to minimize adjustments to the manual firing mode settings and
insure around-the-clock operation.

0 Sealed containers of liquids or gases require special provisions
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) Very large containers and miscellaneous debris requires prior segregation to
insure that only those items requiring slagging are introduced into the furnace

Pretreatment requirements: Xes No
(in addition to limitations noted above)
Soil conditioning;
addition of agent for electrical
conductivity/ viscosity control X
Retrieval:
Waste removal from some containers x (probable need for contents
verification)
Sorting (if yes, describe) x (pressurized gas cylinders must be
removed prior to vitrification)
Sizing (if yes, to what size particle) x (less than 6 to 8 inches cube size)
Other (larger items for decon only) X (i.e; reactor shell segments, etc.)

Removal of all contaminated soil/debris  x (total excavation required)

Level of worker exposure:

Offgas characteristics
and treatment system:

There is some potential for exposure. Some designs call for
completely enclosed systems for both the excavation of the Pit and
the actual remediation operation and associated monitoring of
adjacent/surrounding areas for contaminant containment and
control. The process could likely be operated remotely, but actual
demonstration results will determine system reliability and confirm
whether both operation and maintenance can be carried out
remotely and/or with safety to minimize personnel exposure to ail
contamination.

A gas cleanup system will be employed for acid gas and dust
removal with full remote instrument control.

Fate of volatile radionuclides: Mixed waste treatment demonstration (LPT) is required for this

determination. Surrogate (cerium) used during POP test
showed acceptable accountability. Approximately 98
percent -was captured in the slag and ‘the remaining 2
percent was in the scrubber system. There was no
surrogate cerium found in the off-gas solids.
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Fate of volatile and
semivoiatile metals:

Liquid wastes:

Actual operation data is needed for this determination from the

Limited Production Test. The POP test was positive and showed
that LDR limits were easily met in slag pour test results for arsenic,
barium, cadmium, chromium, lead, mercury, selenium, and silver.

Carbon Tetrachloride and 1,1,1-trichloroethane were evaluated as
additives for the POP test treatment. A good mass balance for
chlorine was not achieved due to several reasons, but the
judgement was that the liquid waste additives were effectively
treated by the system.

Further stabilization required? In the POP test results, an acceptable waste form of slag

met or exceeded DR criteria and the INEL TRU Waste
Acceptance Criteria INEL TRU WAC). Some additional
recycle of metal particulates will probably be required as
2 percent of the surrogate, cerium was found in the
scrubber system. The LPT results will verify final waste
forms and justification for recycling of metal particulates.

Will the following contaminants be processed into a stabilized waste form?

PCBs:
RCRA-metals:

Not evaluated in the POP test. There is no available data.
Passed LDR requirements for POP test.

Reducing agents (hydrazine): Not evaluated in the POP test, expected to be oxidized to

Ammonia:

Sr-90:
Cs-137:
TRU elements:

Utility Requirements:

Electricity:

NO, and water.

Not evaluated in the POP test; expected to be oxidized to NO, and
water; offgas treatment would be expected to contain an NO,
reactor.

Not evaluated in the POP test.

Not evaluated in the POP test.

A good correlation was obtained between plutonium and
the surrogate cerium. The INEL TRU WAC criteria were met by
the POP test (INEL TRU WAC criteria include criteria of pH,
detonation potential, VOC concentration, particulate, chemical
compatability, and gas generation).

12.5 or 13.8 kV 3-phase required. Demand = 3.2 MW, peak =
4.0 MW

Electricity consumption: 700 to 1000 kWh/ton of soil processed. (Estimated)

Fuel (type & rate):

Unknown at this time.

Water, nonpotable requirement: Site specific, to be determined.
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Costs: The estimated cost for treatment is $600 to $1200 per ton (Retech
estimate). It is expected that this cost data is based upon hazardous waste
treatment without the mixed waste additional operating expenses for
remote operation and degree of testing/monitoring that will be needed for
PIT-9 and QU 7-13/14.

Vendor contacts, References:

1. VISITT 3.0 database, vitrification technology, Environmental Protection Agency,
June, 1994,

2. Standard Handbook of Hazardous Waste Trearment and Disposal; Harry M. Freeman,
Editor in Chief, 1988. |

3. Mixed and Low-Level Waste Treatment Facility Project, Vol. 3, INEL, September,
1992. ‘

4. PIT-9 Proof-of-Process Test; Comprehensive Evaluation Report, EG&G Idaho,
March, 1994.

5. Telephone communication with Brent Burton (208-526-8695) requesting pertinent
information on the size and through-put feed rate of the LPT for reference.

6. Record of Decision for Pit 9, Declaration for Pit 9 at the Radioactive Waste
Management Complex Subsurface Disposal Area at the Idaho National Engineering
Laboratory, QOctober, 1993.

7. R. L. Gillins, L. M. DeWitt, A. L. Wollerman, Mixed Waste Integrated Program
Interim Evaluation Report on Thermal Treamment Technologies, DOE/MWIP--2,
February, 1993.

3.4.3.3 Data Gaps

Data from the LPT and other demonstration tests are needed to evaluate reliability, feasibility
of remote operation, secondary waste quantities and compositions, behavior of non-TRU
radionuclides such as Sr-90 and Cs-137, behavior of volatile and semivolatile radionuclides, and
to verify the nonleachability of final waste forms. Cost estimates are also needed.

Because the plasma furnace proposed for Pit 9 remediation is still in the developmental stage,
uncertainties exist regarding its performance for the wide range of wastes present in the SDA
and for a long-term remediation. Data from the limited production test will not be available
until late 1996. In addition to the data gaps identified above in the general data review, other
data needed includes details of the feed handling system to evaluate its ability to provide a
constant, homogenous feed, and the ability to adequately control the slag handling system,
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including during abnormal shutdowns. According to the DOE mixed waste integrated program
evaluation of thermal treatment technologies (Reference 7 above), performed in 1993,
development needs of the plasma arc furnace are "optimization of slag chemistry for metals
stabilization, evaluation of variation in slag chemistry resulting from variations in the input
stream, reintroduction of condensed volatile metals into the slag phase, electrode life studies,
destruction and removal efficiency of hazardous organics. safety assessments for heterogeneous
waste processing, and determination of radionuclide partitioning in slag/metal phases”.

3.4.4 Cyclone furnace vitrification
3.4.4.1 Description

The cyclone furnace vitrification process consists of an above ground, ex-situ process for the
oxidation and vitrification of soils, sludges, ashes, and sediments that have organic, inorganic,
heavy metals, and/or radionuclide contaminants. Cyclone furnaces are cylindrically shaped,
refractory lined steel shells that can have a vertical or horizontal orientation. The primary
feature of cyclone furnaces is cyclonic flow action of the combustion gases in the cylindrical
main chamber, to promote gas-phase mixing and remove inert ash by impaction on the chamber
wall.

In the B & W Cyclone Vitrification process, the system also has the ability to oxidize and
vitrify materials introduced as slurries, thus providing the capability of mixing waste fuels, along
with the waste to be oxidized/vitrified. The cyclone furnace is designed to achieve very high
heat release rates, temperatures, and turbulence. Particulate matter from the soil stream is
retained along the walls of the furnace by the swirling action of the combustion air and is
incorporated into the molten slag. The slag, which has a temperature of 2,400°F, exits the
cyclone furnace from a tap at the cyclone throat and drops into a water-filled tank where the
material is quenched. A small portion of the soil exits as flyash with the flue gas from the
furnace and is collected in a baghouse. A heat exchanger cools stack gases to approximately
200°F before they enter the baghouse. Natural gas and preheated combustion air (heated to
820°F) enter tangentially into the cyclone burner. Soil for processing enters along with the gas
and air through a soil injector.

In the Vortec Corporation’s Combustion and Melting System (CMS), the primary thermal
processing components consist of an in-flight suspension preheater and a cyclone melter.
Contaminated wastes (in slurry or dry form) are continuously introduced into the suspension
preheater, where heating and oxidation of the waste materials are initiated. The suspension
preheater is a fossil fuel-fired counter-rotating vortex (CRV) combustor designed to oxidize any
organics in the waste and provide suspension preheating of the inorganic materials. The average
temperature of the materials leaving the CRV combustion chamber is typically between 2,200
and 2,700°F. The preheated solid materials exiting the CRV combustor enter the cyclone
melter, where they are separated to the melter walls to form a molten glass layer. The vitrified
glass product and the exhaust gases exit the cyclone melter through a tangential exit channel and
enter a glass and gas separation assembly. The exhaust gases then enter an air preheater for

56



waste heat recovery and are subsequently delivered to an air pollution control subsystem for
particulate and acid gas cleanup. The molten glass product exits the glass/gas separation
chamber through a slag tap and is delivered to a water quench assembly for subsequent disposal.

3.4.4.2 Data Review

Technology Category: Thermal Treatment

Technology Names: Cyclone Furnace Vitrification

Commercial Name: Combustion & Melting System (CMS); Cyclone Vitrification
Commercial Capacity: 400 to 33,000 lbs per hour.

Demonstrated Capacity The demonstrations carried out to date by both manufacturers

or demonstration plans: include the following: a munitions manufacturing waste treatment

carried out for Oak Ridge National Laboratory that consisted of
Toxic Substances Control Act (TSCA) incinerator ash
contaminated with arsenic, barium, cadmium, chromium, lead,
cesium, and cerium and which was completed in December, 1993.
The EPA SITE Emerging Technology Program was carried out on
both the B&W Cyclone Furnace and the Vortec CMS technologies
in which an EPA synthetic soil matrix (SSM) was the feed
material. In this soil matrix, a number of actual contaminants and
surrogates were implanted in the soil as spiked quantities. Both
technologies readily passed the TCLP tests for the heavy metals
contained in the product slag. In the SITE demonstration for B &
W’s cyclone furnace, heavy metals, semivolatile organics, and
simulated radionuclides were added as spiked quantities in the EPA
synthetic soil matrix. ~The destruction and removal efficiency
(DRE) for the semivolatiles was greater than 99.99 percent. There
was a 28 percent reduction in volume between the feed and slag
product, and about 95 percent of the non-combustible portion of
the SSM was incorporated within the slag. Vortec Corp. has
completed 80 pilot scale studies on wastes from different sources
or sites and 20 bench scale studies. Vortec’s CMS is considered
to be commercialized and three units are in the design/planning
stages for full scale construction.

B & W’s cyclone vitrification process is still in the pilot scale
development mode. '
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Applicable to:

Contaminated soil
Contaminated metal
Combustible waste

Cemented sludges, concrete, brick, etc.

Uncemented sludges
Salts
Nitrates
Other salts

Mixed waste types
Drums of liquids

Aqueous liquids
Acids
Organic liquids

Halogenated
Nonhalogenated
Organophosphates
Gas cylinders
High activity waste
Pyrophoric materials
Lead wastes
Asbestos

&
&

Moo e

x (may require special refractory)

x (may require special refractory to prevent
spalling effects)

X

x (may require removal from drum first and
drum-shredding before the drum is fed into
the furnace)

X (may require premixing with solids to
provide good feed homogeneity)

x (may require premixing with solids for
best feed homogeneity)

x (may require premixing with solids for
best feed homogeneity)

X

X

X

x (unpressurized gas cylinders only)

x (must be demonstrated)

x (concentration dependent)

X

X

Restrictions on feed form (particle size, container shape, waste phase...): (describe)

0 Loose solids not greater than 3/8 inch in diameter are necessary for good
mixing, uniform melting, and related feed pretreatment to achieve homogeneity.
This may require that size reduction of scil and debris be accomplished by
passing it through grinders or delumpers like the type manufactured by Franklin
Miller. Shredding of drums to strips of steel of an appropriate size for feeding
into a cyclone furnace may be an alternative to decontaminating them.

0 Drum waste may be fed, but provisionally the feed system must facilitate size of
containers. The material feed system design can facilitate this as described

above.
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0 Although the feedstock may be liquid, slurry, or loose solid, premixing must be
considered to provide a homogeneous feedstock with a similar consistency and
heating value to minimize adjustments to the manual firing mode settings and
insure around-the-clock operation.

0 Sealed containers of liquids or gases require special provisions.

0 Very large containers and miscellaneous debris require prior segregation to
insure that only those items requiring slagging are introduced into the furnace.

Pretreatment requirements: Yes No
(in addition to limitations noted above)
Retrieval:
Waste removal from some containers x (probable)
Sorting (if yes, describe) x (pressurized gas cylinders must be
removed prior to vitrification)
Sizing (if yes, to what size particle) x (3/8 inch or less solids)
Other (larger items for decon only) X

Removal of all contaminated soil/debris X (total excavation required)

Level of worker exposure:

Offgas characteristics
treatment System:

Some potential exists that exposure are dependent to a large extent
on the amount of non-routine maintenance that will be required.
The process can be operated remotely, but actual demonstration
results are required to determine system reliability and insure that
both operation and maintenance can be carried out remotely.

A gas cleanup systern will be employed for acid gas and dust and
removal with full remote instrument control.

Fate of volatile radionuclides: A mixed waste treatment demonstration is required for this

Fate of volatile and
semivolatile metals?

determination. Surrogates used during the B & W SITE
test (strontium, bismuth, and zirconium) were immobilized
within the slag according to American Nuclear Society
Method 16.1.

Actual demonstration data is needed for this determination. The
SITE test was positive and showed that there was good
accountability for Cd, Cr, and Pb in the partitioning between the
slag and baghouse waste. The baghouse solids will require
recycling or disposal as a hazardous waste, but the quantity of
solids in the baghouse was relatively small.
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Liquid wastes: Completely oxidized in POP test. A greater than 99.99 percent
DRE was measured for semivolatile organics added to feed.

Further stabilization required? An acceptable waste form that passed the TCLP test was evident
from the SITE test results. Some additional recycle of metal
particulates will probably be required.

will the following contaminants be processed into a stabilized waste form?

PCBs: Not evaluated.

RCRA-metals: Passed TCLP requirements for SITE test.

Reducing agents such as hydrazine: Not evaluated.

Ammonia: Not evaluated.

Sr-90: SITE test results showed a very high recovery in the slag.

Cs-137: Not evaluated.

TRU elements: Simulated radionuclides were immobilized in the slag.
Utility Requirements:

Electricity: Not known; Site specific.

Water; nonpotable requirement; Site specific, to be determined.

Costs:
The estimated cost for treatment is $40 to $100 per ton. (Vortec
estimate). It is expected that this cost data is based upon
hazardous waste treatment without the mixed waste additional
operating expenses for remote operation and degree of
testing/monitoring that will be needed for OU 7-13/14.

Vendor contacts, References:

1. VISITT 3.0 database, vitrification technology, Environmental Protection Agency,
June, 1994.

2. Babcock & Wilcox Cyclone Furnace Vitrification Technology, Application Analysis
Report, SITE Program, EPA/540/AR-92/017

3. "Cyclone Furnace Destroys Organics, Immobilizes Heavy Metals, Radionuclides,"
Hazmar World, August, 1992 ‘

4. Standard Handbook of Hazardous Waste Treatment and Disposal, Harry M. Freeman,
Editor in Chief, 1988.
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5 Mixed and Low-Level Waste Treatment Facility Project, Vol. 3, INEL, September,
1992.

3.4.4.3 Data Gaps

Demonstration results are required to determine system reliability and insure that both operation
and maintenance can be carried out remotely. Test data are also needed determine the fate of
yolatile and semivolatile metals, and rates and types of secondary wastes. Additional
information is needed on the destruction of PCBs, reducing agents, and ammonia, and the fate
of cesium and other radionuclides. Utility and cost data are needed.

3.4.5 Rotary Kiln
3.4.5.1 Description

The Rotary Kiln is a cylindrical refractory-lined shell mounted on a slight (1 to 5-degree)
incline. Waste is fed in the high end and ash from combustion is discharged from the low and
opposite end of the slowly rotating vessel. There are seals at both ends of the kiln to provide
for fixed entry feed and support fuel and fixed exit product ash and offgas. The rotary kiln is
in many ways an almost ideal incinerator because it provides a great deal of waste processing
versatility. For example, it effectively handles a wide range of feed types of waste, has a
simplistic and robust design, and yields a good combination of residence time and temperature
for complete combustion and thermal destruction of essentially all organic and inorganic waste
constituents. Rotary kilns provide for the mixing and conveyance of solids for improved heat
transfer and a good gas/solid separation space as the waste being treated tumbies down the length
of the kiln. Design criteria for solids residence time are the angle of incline, the rotation speed,
and internal baffling at the solids discharge end to encourage ash and solid holdup.

Rotary Kilns normally require a secondary combustion chamber to ensure complete
incineration/combustion of the hazardous constituents. Devolatilization and pyrolysis of the
combustible waste typically occurs in the kiln section under starved air input at temperatures
from 1100 to 150C°F, but may be operated for complete oxidation with excess air and
temperatures as high as 2500°F. Gas phase incineration is completed in the secondary
combustion section at temperatures ranging from 1800 to 3000°F. An extensive offgas system
is generally required to control the high volume of emissions. Due to its robust design and
shape, the rotary kiln minimizes the amount of hand sorting of waste fed and the degree of feed
pretreatment required. It can feed drums of waste without the need to shred the drums into
small pieces prior to feeding as is required in almost all other types of thermal treatment
processes. .

3.4.5.2 Data Review

Technology Category: Thermal Treatment
Technology Name: Rotary Kiln
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Commercial Name:

Rotary Kiln Incineration

Commercial Capacity: 300 to 6000 Ibs/hr of solid waste.

Demonstrated Capacity or
demonstration plans

Applicable to:

Contaminated soil
Contaminated metal
Combustible waste

Cemented sludges, concrete, brick, etc.

Uncemented studges
Salts
Nitrates
Other salts

Mixed waste types
Drums of liquids

Rotary kilns are accepted technology for the treatment of hazardous
(nonnuclear) waste. There are approximately 75 commercial
facilities using this technology. Demonstration rotary kiln units
have been built for mixed waste trials at several DOE facilities and
another one was pending NEPA approval in 1991 before
construction started.

In 1991, there were three rotary kilns located for use/evaluation at
DOE facilities: a 30 million Btu/hr unit for 3000 Ib/hr of Low-
Level mixed waste at Oak Ridge National Lab, an 8.5 million
Btu/hr unit for 600 1b/hr of TRU solid waste at the Idaho National
Engineering Lab (PREPP unit), and a 1 million Btu/hr unit for 90
Ib/hr of waste for Pu recovery at Rocky Flats. The kiln located at
the INEL was never operated with radioactive waste due primarily
to problems associated with the upgrade of the facility to meet new
DOE requirements. An 18 million Btw/hr unit planned for use at
the Savannah River DOE was awaiting air permitting and NEPA
approval before construction could begin.

More recently, in July 1993, the rotary kiln was identified as one
of the top four treatment technologies in a report by DOE
(DOE/MWIP-2) for the treatment of mixed waste at DOE storage
facilities at all the DOE National Laboratories. The report was a
work effort involving input from ail the National Laboratories, the
DOE, the EPA, and other entities.

Yes No

HWop o o

x (may require special refractory)

x (may require special refractory to prevent
spalling effects)

X

x (premixing with solids to
provide good feed homogeneity)
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Acids x (may require premixing with solids for

best feed homogeneity)
QOrganic liquids X (2nd combustion chamber designed basis
critical to ensure complete destruction)
Halogenated X
Nonhalogenated X
Organophosphates X
Gas cylinders x (unpressurized gas cylinders only)
High activity waste x (must be demonstrated)
Pyrophoric materials . x (concentration dependent)
Lead wastes X
Asbestos X

Restrictions on feed form:

0

Drum waste may be fed, but provisionally the feed system must facilitate size of
containers. The material feed system design can facilitate this as described above.
The refractory-type, kiln temperature, and discharge weir design will permit drum
feeding into the rotary kiln. The Dow Chemical Rotary Kiln in Midland,
Michigan handles drums, hazardous liquids, sludges, and slurries, employs 98 %
alumina refractory and uses a design temperature in the primary kiln of 2800°F.

Sealed containers of liquids or gases may require special provisions
Very large debris items require prior segregation to insure that only those items

requiring slagging are introduced into the furnace. (i.e; selective removal of
very large items for decontamination is necessary.)

Pretreatment requirements: Yes No
(listing in addition to limitations noted above)

Retrieval:

Waste removal from some containers x (probable, especially if sealed
containers)

Sorting x (pressurized gas cylinders must be
removed prior to incineration)

Sizing x (dependent upon feed design and design
temperatures, ifashing only, typically 1/16
to 1/8 inch dia. particles; if ashing/slagging;
drums can be charged and larger particles)

Other (larger items for decon only) X
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Retrieval of all contaminated soil/debris  x (total excavation required)

Level of worker exposure:

Offgas characteristics
and treatment system:

Some potential exists that is dependent to a large extent on the
amount of non-routine maintenance that will be required. Rotary
kilns are robust in their design and typically have much lower
maintenance requirements than other thermal treatment incinerators
of similar high temperature designs.

The rotary kiln can be operated remotely, but actual demonstration
results are required to determine system reliability and insure that
both operation and maintenance can be carried out remotely.

A gas cleanup system will be employed for acid gas and dust
removal with full remote instrument control.

Fate of volatile radionuclides: Offgas system would need to be designed to capture volatile

Fate of volatile and
semivolatile metals:

Liquid wastes:

radionuclides.

Data is available for many metals (see Reference 9).

Completely oxidized/thermally-destroyed. A greater than 99.99
percent DRE is basis for design. (design basis for residence time
and temperature achieved)

Further stabilization required? No. An acceptable waste form that will pass the TCLP test

is evident from prior demonstration results. Some recycle
of metal particulates may be required.

Will the following contaminants be processed into a stabilized waste form?

PCBs;
RCRA-metals:

Complete destruction.
Passes TCLP requirements.

Reducing agents (hydrazine): Not evaluated, but likely oxidized to NO,.

Ammonia:
Sr-90:

Cs-137:

TRU elements;

Utility Requirements:

Not evaluated, but likely oxidized to NO,.
Unknown.
Unknown.
Unknown.

Support Fuel Requirements specific to heating value of waste treated.
Electrical usage is design specific for application.
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Costs:

The estimated cost for treatment is $150 to $750 per ton.
($2,500 to $10,000 per daily ton of feed capacity)

Vendor contacts, References:

1. Mixed Waste Integrated Program Interim Evaluation Report on Thermal Treatment
Technologies, DOE/MWIP-2, 1993

2. Imtegrared Thermal Treatment System Study, Phase 2 Results, LITCO-MS-11211,
Third Draft, 1995

3. Mixed and Low-Level Waste Trearment Facility Project, Volume 3, EGG-WMO-
10244, 1992

4. Standard Handbook of Hazardous Waste Treatment and Disposal, Harry M. Freeman,
Editor in Chief, USEPA, 1988.

5. Handbook of Incineration Systems, Calvin R. Bruner, P.E., D.E.E., Incinerator
Consultants, Inc.,1991.

6. Rotary Kiln Incinerators: The Right Regime, Roy W. Wood, et al, ASME Research
Committee on Industrial and Municipal Waste, Mechanical Engineering, Sept. 1989

7. Thermal Treatment Technologies for Hazardous Waste Remediation, Nancy P.
Johnson, et al, Pollution Engineering Magazine, October, 1989

8. Incineration of Industrial Hazardous Wastes and Sludges, Marshall Sittig, Pollution
Technology Review; No. 63, Rotary Kiln Incinerators, pp. 293-320, 1979.

8. "Incineration of Hazardous Waste: A Critical Review Update,” C. R. Dempsey, E.
T. Oppelt, Air & Waste 43, January, 1993, pp. 25-73.

3.4.5.3 Data Gaps

Much of the same data are needed for rotary kiln incinerators as for other thermal treatment
technologies, including utilities, costs, reliability, and amenability to remote operation and
maintenance. Because of the widespread use of rotary kiln incineration for hazardous waste,
much of this information should be available, or available information should provide a good
basis for estimates. Less data is available for rotary kilns processing radioactive waste, and thus
the main data gap may be to determine the stability of ash contaminated with various
radionuclides of interest. Also, based on the experience of PREPP, data is needed on
containment of radioactivity during operations and maintenance.
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3.4.6 Thermal Desorption
3.4.6.1 Description

There are a large number of very similar technologies that all fall under the general heading of
"thermal desorption". All of these technologies are designed to remove volatile organic
contaminants from contaminated soil in an ex situ fashion at temperatures that are well below
typical incineration temperatures. The mechanisms for accomplishing the heat input into the
contaminated waste or soil vary considerably between technologies and typically the thermal
desorption systems offered by vendors all employ a several steps for removing the volatile
organic compounds and subsequently disposing of these compounds. As of June, 1994, there
were thirty-four vendors of thermal desorption systems listed in the VISITT data base by EPA;
twenty-eight full-scale demonstrated systems and six pilot-scale systems. The most important
consideration of the value of thermal desorption as it applies to mixed waste treatment is that
the VOCs can preferentially be removed separately by volatilization from all metals that have
much lower vapor pressures. Therefore, thermal desorption may be used effectively to separate
VOCs from heavy metals and radioactive metals.

Brief descriptions follow for the five main types of thermal desorption technologies that are
currently offered:

1. Low Temperature Thermal Treatment marketed by Roy F. Weston is a continuous
operation that utilizes a hollow flight screw conveyor to indirectly heat the soil to approximately
560°F by means of a circulating heating media (typically steam or hot oil) that passes through
the hollow flights of the thermal processor. The offgas containing the volatiles passes through
a pollution control system including a baghouse, two condensers in series orientation, and a
carbon adsorption system.

2. Low Temperature Thermal Aeration marketed by Canonie Environmental Services
Corporation is a continuous process in which the soil is heated to temperatures between 300 and
800°F in a rotary drum dryer by a countercurrent hot air stream which volatilizes the organics
from the soil to the air stream. The offgas is treated using either carbon adsorption beds or an
afterburner.

3. Tandem SRU marketed by Thermotech Systems Corporation is a continuous process
in which the soil is heated to temperatures between 600 and 1400°F, depending on the model
selected/required. It operates in an indirect fired mode with heat recovery where the offgas is
thermally oxidized, followed by spray quenching and dust collection. The heat recovered from
offgas incineration is temperature controlled to provide the heat for the thermal desorption.
Three models are available with soil heating to 600, 1000, and 1400°F.
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4. Mobile Retort Unit marketed by Covenant Environmental Technologies, Incorporated
is a semi-continuous batch process with indirect firing in which the soil is heated to temperatures
in excess of 1,500°F in the absence of air. In the process, the soil is essentially dried by
removal of water vapor and VOCs by passing it though a stainless steel cylinder (retort chamber)
by an auger drive. The air emissions are controlled by passing them through a baghouse for
dust removal followed by a shell and tube exchanger where water and hydrocarbon vapors are
condensed.

5. Thermal Desorption Unit marketed by DBA, Incorporated is a continuous process in
which the soil is heated to 450°F in a system composed of a primary unit (rotary kiln), a
secondary unit (thermal oxidizer), and ancillary components such as control house and discharge
augers/conveyors. The offgas VOCs are carried in the air stream through a cyclone, then to a
baghouse for final particulate removal, and then to the thermal oxidizer where the VOCs are
destroyed to 99 percent or greater.

3.4.6.2 Data Review

Technology Category: Pretreatment or Thermal Treatment (depending on the particular
process)

Technology Names: Thermal Desorption

Commercial Name: Low Temperature Thermal Treatment, Low Temperature Thermal

Aeration, Tandem SRU, Mobile Retort Unit, Thermal Desorption

Commercial Capacity: 25 to 100 tons/hr.
Demonstrated Capacity
or demonstration plans: This is established and fully demonstrated technology.
Applicable to: Yes No
Contaminated soil X
Contaminated metal X
Combustible waste X
Cemented sludges, concrete, brick, etc. X
Uncemented sludges X
Salts
Nitrates X
Other salts X
Mixed waste types X
DPrums of liquids X
Aqueous liquids X
Acids x (higher vapor pressures)
Organic liquids X
Halogenated X
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Nonhalogenated X

Organophosphates X
Gas cylinders X
High activity waste X
Pyrophoric materials X (at temperatures Iess than LEL)
Lead wastes p
Asbestos X

Restrictions on feed form: The following limitations must be considered and provisionally
allowed for in the final ISV design process;

0 Particle size should be reasonably uniform and less than 1/8 to 1/4 inch dia.
0 Feed must not be containerized for processing
0 Feed should be well mixed and fairly homogeneous

Pretreatment requirements: Yes No

(in addition to limitations noted above)

Total excavation required X

Miscellaneous debris removed X

QOversize rocks removed x

Retrieval:
Waste removal from containers X
Sorting (if yes, describe) X (no containers must be fed)
Sizing (if yes, to what size particle) x (less than 1/4 inch dia.)

Level of worker exposure: Total excavation is required; however some technologies address
the excavation to minimize exposure. Typically this technology is
used where VOCs are primary source of contaminants. It is not
known whether the process can be operated remotely, but
provisionally it should be possible.

Offgas characteristics The offgas treatment system is composed of baghouses/cyclones
treatment system: in series with VOC removal and/or destruction. Metals and
radionuclides should in general not be in the offgases.

Fate of volatile radionuclides: If this technology is employed for mixed waste applications,
the temperature of the thermal processing should preclude the
presence of radionuclides in the vapor state.” The soil after
processing should still contain the radionuclides to be treated by a
separate means, or where applicable be returned to the excavation

pit.
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Fate of volatile and
semivolatile metals;

Liquid wastes:

Same as above for subsequent handling/disposal of process
residuals from volatile radionuclides.

This criterion will vary substantially from one vendor to next for
thermal desorption, so should be a major consideration in the
selection of the specific vendor’s wastewater generation potential.

Further stabilization required? Yes, if there is a requirement for remediation of heavy metals

and/or radionuclides.

Will the following contaminants be processed into a stabilized waste form?

PCBs:

RCRA-metals:

Most thermal desorption technologies do not reach sufficiently high
temperatures to remove PCBs significantly. One vendor,
Thermotech Systems Corporation offers a model for high
temperature desorption (1400°F) which is specifically to remove
PCBs from a contaminated soil. This technology at the higher
temperature will tend to volatilize some heavy metals and therefore
has limitations.

This technology is not designed for handling/remediating RCRA
metals but may be used in conjunction with other technologies that
do.

Reducing agents (hydrazine): unknown at this time

Ammonia;
Sr-90:

Utility Requirements:

Costs:

Expected to be vaporized into offgas
Not used for remediation of radionuclides, but may be used in
conjunction with other technologies for this requirement.

Vendor specific requirements vary considerably. Many employ
some form of energy recovery.

$50 to $150 per ton of soil treated is an average range taken from
most of the thermal desorption technologies but it is expected that
this cost data does not reflect actual costs for mixed waste
treatment applications which should be substantially higher.

Vendors, Contacts, References:

VISITT 3.0 database, thermal desorption technology

3.4.6.3 Data Gaps

Thermal desorption is an established technology for removal of organics from soils. Other data
should be available to establish the level to which various organic contaminants of concern in
the SDA could be removed by the technology. Vendor estimates of capital and operating costs
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could be obtained based on estimated volumes of soil and particular organic contaminants.
Vendor information is also required to better determine pretreatment requirements and costs.
Little if any data are available on treatment of radicactive waste.

3.4.7 Supercritical Water Oxidation
3.4.7.1 Description

Supercritical water oxidation (SCWO) is a process for destroying organic constituents in waste
by oxidation in the medium of water at conditions above the critical temperature (374°C) and
critical pressure (22 MPa) of water. Process equipment upstream of the reactor, such as high
pressure pumps, COmpressors, exchangers, and heaters, pressurize and heat the feeds to reactor
conditions. Process equipment downstream of the reactor is used to separate solids, liquids and
gases in the reactor effluent, as well as cool and depressurize the effluent. Effluents from the
SCWO include gaseous oxidation products, waste water, and solid inorganic feed and product
materials.

At supercritical conditions, water has extremely high solvating properties for organics,
promoting high destruction efficiencies in residence times of seconds. Destruction efficiencies
of 99.9999% can usually be achieved at temperatures of 600-650°C.

The high pressure of the SCWO process allows for relatively easy containment of both feed and
effluent streams. Products of incomplete oxidation will be contained in a liquid phase which can
be sampled and stored or recycled if necessary prior to discharge. SCWO systems can have
very low rates of gaseous emissions and minimal air pollution controi equipment. Even with
no treatment, emissions of NO, and CO are typically in the low ppm range and particulates and
hydrogen halides are well scrubbed by the liquid present in the system.

3.4.7.2 Data Review

Technology Category: Oxidation
Technology Names: Supercritical Water Oxidation, Hydrothermal Oxidation
Commercial Capacity: 5 gpm, based on 10% organic feed (Huntsman Corp SCWO unit)

Demonstrated Capacity: Testing of simulated DOE mixed wastes and hazardous Naval

or demonstration plans wastes is presently being performed in Modar’s 500 gpd pilot
plant; procurement of a 1000 gpd SCWO hazardous waste test bed,
which was to be used to exhaustively test simulated DOE mixed
waste types and process components, was recently canceled.

SCWO is applicable to liquid waste streams, both aqueous and organic. The process is not

applicable to wastes with a high inorganic content unless solids are reduced to less than 100
microns and are "nonsticky,"” that is, not salts such as chlorides, carbonates and sulfates. The
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process has potential applicability to organic studges, organic solids, and soils, but additional
development would likely be required.

Restrictions on feed form: For processing with SCWO, organic wastes need to be diluted with

water to between 5% and 20%. Supplemental fuel is added to
aqueous wastes with less than about 2% organic. Solid particles
must be less than 100 microns. Treatment of buried waste would
require retrieval, removal or waste from containers, and then
either extensive sorting and particle size reduction or extraction of
organic contaminants by a solvent or steam,

Measurements of performance: The primary performance measurement is organic destruction

Level of worker exposure:

Offgas characteristics
treatment system:

efficiency, which is typically 99.99-99.9959%.

Remote operation is possible, but has not been demonstrated.
Testing to date with radionuclide surrogates has shown poor
recovery of surrogates in the effluent streams, suggesting
deposition of surrogates within the process equipment and piping
that may require high maintenance.

Effluent from the SCWO reactor is typically quenched, cooled, and
depressurized, and separated into gas, liquid and solid streams.
No treatment is anticipated to be required for the gaseous stream
other than a carbon bed for trace organic and mercury removal and
HEPA filters for particulate. If desired, oxygen can easily be
recovered for recycle and CO, can be recovered and retained as a
liquid or high pressure gas.

Fate of volatile radionuclides: Tritium would be converted to HTO (tritiated water) and build

Fate of volatile and
semivolatile metals:

Liquid wastes:

Solid wastes;

up in the recycle water. Release of **C could be eliminated by
retaining CO,. Radioactive halogens would be converted to salts.

Carbon filters on both gaseous and liquid effluents are expected
to be needed to remove mercury. Other volatile metals are
expected to be contained in the liquid effluent.

SCWO can be designed with no liquid effluent by using
evaporation and other water treatment methods to recycle water,
and solidifying-the net water produced. '

Further stabilization would be required for the solids waste from

high-chloride content wastes amd wastes containing RCRA-
hazardous metals.
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SCWO will destroy PCBs and convert hydrazine and ammonia to nitrogen and water.
Radionuclides are generally expected to be oxidized, but data is needed to better establish the
chemistry of radionuclides at supercritical water conditions.

Utility Requirements: No unusual utilities or chemicals requirements. Water usage

Costs:

would be minimized by recycling water.

Costs estimates have been made of supercritical water oxidation
units treating a variety of industrial and government wastes (see
References 3-5). These estimates, if scaled to a waste capacity of
5,000 gpd, give a capital cost of $1.7-2.3 million and operating
costs of $400-530 K per year for a 5,000 GPD unit. Actual costs
for a SCWO treating SDA wastes are expected to be several times
higher than these estimates due to additional costs for pretreatment
equipment, solid waste stabilization, and control and containment
of radionuclides present in mixed waste. Additional demonstration
and testing of SCWO with a greater variety of DOE waste types
expected would also be required.

Vendors, Contacts, References:

1. Modar, Inc., 14 Tech Circle, Natick, MA 01760
William R. Killilea, Vice President (508) 655-7741

2. Eco Waste Technologies, Inc., 2305 Donely Dr., Suite 108, Austin, TX 78758
Mr. Roy McBrayer, Director of Process Development (512) 837-9961

3. Stone & Webster Engineering Corporation, Assessment and Development of an
Industrial Wer Oxidation System for Burning Waste and Low-Grade Fuels,
DOE/ID/12711-1, September, 1989.

4. R. Kirts, "Supercritical Water Oxidation of Hazardous Wastes," Proceedings of the
Workshop on Federal Programs Involving Supercritical Water Oxidation, July 6-7,
1992, Gaithersburg, Md, NISTIR-4920, pp. 111-137.

5. M. Modell, Treatment of Pulp Mill Sludges by Supercritical Water Oxidation, Final
Report, DOE/CE/40914-T1, July, 1990.

6. R. B. Kidman, K. S. Tsuji, Preliminary Cost Comparison of Advanced Oxidation
Processes, LA-12221-MS, June, 1992.

7. R. F. Weston, Inc., Supercritical Fluid (SCF) Technologies: Assessment of

Applicability to Installation Restoration Processes, Draft Final Report, U.S. Army
Environmental Center Report, November, 1993.
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8. VISITT 3.0 database, Supercritical Water Oxidation Technology

9. J. W. Tester, H. R. Holgate, F. J. Armellini, P. A. Webley, W. R. Killilea, G. T.
Hong, H. E. Barner, "Supercritical Water Oxidation Technology: A Review of Process
Development and Fundamental Research," 1991 ACS Symposium Series, Emerging
Technologies for Hazardous Waste Management 111, October 1-3, 1991, Atlanta Georgia,
MIT-EL91-003, Revision, March 25, 1992,

10. EPA, Engineering Bulletin on Supercritical Water Oxidation, EPA/540/8-92/006,
September, 1992

11. C. Shapiro, K. Garcia, J. Beller, Trearmen: of Simulated Mixed Waste with
Supercritical Water Oxidation, EGG-WTD-10700, April, 1993 (Draft).

12. T. T. Bramlette, B. E. Mills, K. R. Hencken, M. E. Brynildson, S. C. Johnson,
J. M. Hruby, H. C. Feemster, B. C. Odegard, M. Modell, Destruction of DOE/DP
Surrogate Wastes with Supercritical Water Oxidation Technology, SAND90-8229,
November, 1950.

3.4.7.3 Data Gaps

At its present state of development, SCWO has potential for providing high destruction
efficiency to hazardous organics in aqueous or liquid organic waste streams from other treatment
units in a system treating SDA waste. However, considerable development and scale up would
be required if SCWO were to be used to treat SDA soil.

3.4.8 Soil Washing - Organics
3.4.8.1 Description

Soil washing processes utilize size separation, chemical extraction and phase separation steps to
remove contaminants from soils. Size separation steps may include crushing, screening,
hydraulic classification, gravity concentration, froth flotation or others. Typically a high
percentage of organic contaminants are contained on the smaller soil particles, and, once
separated, larger size pebbles and rocks do not need further treatment. Smaller particle fractions
are then contacted with one or more solvents, which may be either organic or aqueous. To
remove organics, aqueous solvents require additives such as surfactants. The solvent is typically
recovered, resulting in a waste highly concentrated in the contaminant organics. Soil washing
processes typically operate at near ambient conditions of temperature and pressure.

3.4.8.2 Data Review

Technology Category: Chemical or biological separations
Technology Names: Soil washing, solvent extraction, soil restoration
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Commercial Name: Numerous commercial names such as Solv-Ex (SRE, Inc.,) BEST
(Resources Conservation Co.) or The SEG Soil Washing System
(Scientific Ecology Group, Inc.)

Applicability: Soil washing processes are most applicable to sandy soils, large
amounts of clay and silt will reduce effectiveness or escalate costs.
Depending on the process, water content or soil temperature may
also be important.

Effectiveness (degree of separation and product quality)

Targeted separation(s): Processes can target specific compounds, groups of compounds
or a wide variety of both organics and metals simultaneously.

Separation efficiency or efficiencies: Typical removal efficiencies are 90-95%, but can
be lower or higher. In a pilot demonstration of the SEG soil washing process on a Y-12
waste, 510 pounds of uranium and mercury contaminated river sediment, uranium was
reduced from 100-200 ppm to 40-80 ppm; mercury from 1000-5000 ppm to 100-300
ppm, and PCBs from 200-500 ppm to 5-20 ppm.

Further treatment may be required for both the treated soil to achieve adequate
destruction and the concentrated contaminants to oxidize organics.

Effectiveness (worker exposure): unknown
Effectiveness (secondary waste quantities and composition)

Offgas will contain the VOC’s present in the soil and may contain steam, blanket gas,
or solvent vapors.

Liquid wastes: The wash fluid, which may be aqueous or organic,' will likely require
treatment and then be recycled.

Secondary solid wastes: Likely will be minimal.

Implementability
Commercial Capacity and number of commercial facilities: VISITT database includes
10 vendors that have full-scale processes that have actually treated soil containing
halogenated organics using soil washing or solvent extraction processes.
Demonstrated Capacity or Demonstration Plans: Capacity of commercial processes is

expected to be adequate for the SDA remediation. For example, the On-Site
Technologies soil washing process has processing capability for 200-1000 T/day.
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Vendors, Contacts, References:
1. EPA VISITT 2.0 Data Base

2. WASTECH, Soil Washing/Soil Flushing, Volume 3 of Innovative Site Remediation
Technology Series, W. C, Anderson, editor, 1993.

3. Turboscope Vetcon Environmental Services, 2835 Holmes Road, Houston, Texas
77051, Dr. Myron 1. Kuhlman, Director of Technology Development, (713) 799-5289

4. Scientific Ecology Group, Inc., Nuclear Waste Technology Dept., 1501 Ardmore
Boulevard, Pittsburgh, PA 15221, C. Patrick Keegan or David Grant (412) 247-6255 .

5. Terra-Kleen Corp., 7321 N. Hammond Ave., Oklahoma Cxty, OK 73132
Alan B. Cash, Vice President, (405) 728-0001

6. Resources Conservation Co., 3630 Cornus Lane, Ellicott City, Maryland 21042
Lanny D. Weimer, Manager, Process Systems Business Development (301) 596-6066

7. SRE, Inc., 158 Princeton St., Nutley, NJ 07110
Sam Sofer, President (201) 661-5192

3.4.8.3 Data Gaps

Although much data are available for soil washing processes for organic removal, differences
in soil chemistry and contaminants between sites make treatability studies necessary.

Site characterization data are needed to initially evaluate soil washing processes and provide the
basis for bench- and pilot scale testing. Characterization data needed includes:

site geology and hydrogeology

soil type and composition versus depth and surface grid

soil chemistry

amount of contaminated soil, and

range, concentration, and variability of contaminants in the soil.

The analytical data from Pit 9 soil samples (114 samples according to the Cleanup Specification)
will be helpful in providing a part of the RI/FS data needed and in defining sampling and soil
analysis for the remainder of the pits and trenches.

Bench and pilot scale test data may then be needed to determine the effectiveness of soil washing

to remove the specified contaminants from SDA soil. Guidelines and procedures for soil
washing treatability studies are explained in Guide to Conducting Treatability Studies Under
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CERCLA: Soil Washing, EPA/540/2-91/020A, September, 1991.

The Pit 9 remediation process contains the BEST process for removal of organics from soil.
The POP test did not include a test of the BEST process except to determine the solubility of
plutonium in the soil washing solvent.

3.4.9 Soil Washing - Metals and Radionuclides
3.4.9.1 Description

Heavy metals and radionuclides can also be removed by soil washing processes, which may also
be referred to as acid extraction or leaching processes. The soil is typically separated into two
or more fractions according to size, washed with an aqueous solution, and then dewatered. The
clean soil is returned and the liquid phase further treated to concentrate the contaminants and
recover the solution for recycle. The concentrated solution can be solidified or stabilized by
several techniques, such as calcining, precipitating, or making into a cement. Depending on the
metals to be removed, the wash solution may be acidic, basic, or contain chelating agents or
other additives. Most of the soil washing processes are derived from the minerals processing
industry.

3.4.9.2 Data Review

Technology Category: Chemical or biological separations
Technology Names: Soil washing, solvent extraction, soil restoration
Commercial Names: Numerous commercial names such as The SEG Soil Washing

System (Scientific Ecology Group, Inc.) or The Westinghouse Soil
Washing System

Applicability Soil washing processes are most applicable to sandy soils, large
amounts of clay and silt will reduce effectiveness or escalate costs.

Effectiveness (degree of separation and product quality)

Targeted separanon(s) Processes can target specific compounds, groups of compounds
or a wide variety of both organics and metals simultaneously.

Separatlon efficiency or efficiencies: Typical removal efficiencies are 90-95%, but can
be lower or higher. In a pilot demonstration of the SEG soil
washing process on a Y-12 waste, 510 pounds of uranium and
mercury contaminated river sediment, uranium was reduced from
100-200 ppm to 40-80 ppm; mercury from 1000-5000 ppm to 100-
300 ppm, and PCBs from 200-500 ppm to 5-20 ppm.
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Further treatment may be required for both the treated soil to achieve adequate
stabilization for metal and/or radionuclide contaminants.

Effectiveness (worker exposure): unknown
Effectiveness (secondary waste quantities and composition)

Offgas will contain the VOC’s present in the soil and may contain steam, blanket gas,
or solvent vapors.

Liquid wastes: The wash fluid, which may be aqueous or organic, will likely require
treatment and then be recycled.

Secondary solid wastes: Likely will be minimal.
Implementability
Commercial Capacity and number of commercial facilities: VISITT database includes
6 vendors that have full-scale processes that have actually treated soil contaminated with
radionuclides by soil washing processes. The six vendors have a combined total of 33
units planned, in design, or under construction plus 30 constructed units, although it is
not known how many of these units are designed for radionuclide-contaminated soil.
Demonstrated Capacity or Demonstration Plans: Capacity of commercial processes is
expected to be adequate for the SDA remediation. For example, the On-Site
Technologies soil washing process has processing capability for 200-1000 T/day.
Vendors, Contacts, References:

1. EPA VISITT 2.0 Data Base

2. WASTECH, Soil Washing/Soil Flushing, Volume 3 of Innovative Site Remediation
Technology Series, W. C. Anderson, editor, 1993.

3. U.S. EPA, Assessment of Technologies for the Remediation of Radioactively
Contaminated Superfund Sites, EPA/540/2-90/001, January, 1990

4. B&W Nuclear Environmental Services, Inc., 2220 Langhorne Rd, Lynchburg,
Virginia 24501, L. P. Williams, V.- P Business Development (804) 948-4610

5. Turboscope Vetcon Environmental Services, 2835 Holmes Road, Houston, Texas
77051, Dr. Myron I. Kuhlman, Director of Technology Development, (713) 799-5289
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6. Scientific Ecology Group, Inc., Nuclear Waste Technology Dept., 1501 Ardmore
Boulevard, Pittsburgh, PA 15221, C. Patrick Keegan or David Grant (412) 247-6255

7. Bergmann USA, 1550 Airport Rd, Gallatin, TN 37066
Richard P. Travor, Vice President and General Manager (615) 452-5500

8. Westinghouse Remediation Services, Inc., 675 Park North Boulevard, Building F,
Suite 100, Clarkston, Georgia 30021, William E. Norton, Senior Engineer
(404) 299-4736

9. Lockheed Corporation, 980 Kelly Johnson Dr., Las Vegas, NV 85119
Ron May, Manager of Engineering (702) 897-3626

3.4.9.3 Data Gaps

Treatability studies are needed for radionuclide leaching or extraction processes to determine the
effectiveness of the process, as well as design and operating variables. The Pit 9 POP test of
Waste Management Environmental Services’ proposed treatment process included three tests of
the SOIL*EX process for removal of radionuclides. The three tests used three combinations of
Rocky Flats sludges and INEL soil, however, Bi and Mn were used as radionuclide surrogates.
Test acceptance criteria were met.

3.4.10 Offgas Treatment
3.4.10.1 Description

Quenching/metals condensation Most equipment cannot withstand the temperatures of gaseous
effluent from thermal treatment units, thus some type of cooling is required prior to cleaning
offgas to contaminant levels acceptable for release to the atmosphere. Quenching can be
achieved by boilers, heat exchangers, air dilution, or water injection. Boilers and heat
exchangers can recover heat but may be subject to fouling or corrosion. Air dilution is simple
but requires large volumes of air which results in larger size downstream air pollution control
equipment. Water injection is also relatively simple, but may cause corrosion or result in a
relatively large volume of liquid waste. ‘

Acid gas removal Acid gases are removed from offgases by reaction with an alkali reagent.
Acid gases react to form salts, which are then collected as dry particulate or sludge or are
dissolved in a liquid solution. Acid gas removal devices are usually classified as either wet, dry,
or semidry. Wet acid gas removal includes packed-bed scrubbers, tray scrubbers, and wet
fluidized bed scrubbers. Removal efficiencies for both HC! and SO, are typically greater than
99% for each of these types, even with a rate of alkali only about 5% in excess of
stoichiometric. In dry acid gas removal, a dry powder alkali reagent is injected into the flue
gas. It is usually necessary to use 50-300% excess alkali reagent. Acid gas removal efficiencies
are typically 90-99.9% for HCl and 50-99% for SO,. To achieve efficiencies in the higher end
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of these ranges, a reactor chamber providing sufficient residence time is required.

In the semidry process, know as spray dryer absorption, a alkali solution or slurry is sprayed
into a cylindrical chamber through which offgases are flowing. Acid gases are absorbed into
the smali liquid reagent droplets and react to form dissolved salts. Heat from the offgases
evaporates the water, cooling the offgas and resulting in a solid particles of salt, unreacted
alkali, and other solids such as flyash present in the offgas from the thermal treatment unit.
With a 50-100% excess reagent, removal efficiencies are typically 99% for HCL and 95% for
SO,.

NO, Removal Primary abatement technologies for NQO, abatement involve changes in the
combustion process t0 minimize NO, formation. These include the use of oxygen rather than
air for combustion, limiting the amount of oxygen available at the peak combustion temperature
and lowering the combustion zone temperature. Removal of NO, from the offgas requires a
reaction step to reduce NQO, to nitrogen gas. Catalytic reduction uses ammonia to convert NO,
to nitrogen and water. Operating temperature is typically 500-800°F. To achieve removal
efficiencies in the 90-95% range, excess ammonia is required, and results in an effluent
ammonia concentration of up to 50 ppm. Most NO, catalytic reduction reactors also oxidize
carbon monoxide and other products of incomplete combustion to CQ, and water.

Noncatalytic reduction processes for NO, removal are also commercially available. Operating
temperatures are generally higher than the catalytic processes, and some use hydrogen or urea
rather than ammeonia for reduction.

Particulate removal Removal of particulate from offgases is a well established technology.
Selection of specific devices depends primarily upon the amount of particulate and the size
distribution of particles in the offgas. Dry particulate removal techniques include metal filters,
bag houses which are also called fabric filters, electrostatic precipitators, gravity separators,
¢yclone separators, impingement separators, and high efficiency particulate filters (HEPAS).
Each of these methods results in a purified gas stream and a dry solids product. For remediation
of the SDA pits and trenches, particulate removed in the offgas treatment unit would likely be
recycled into the waste treatment system. '

A wide variety of wet scrubbing systems are also available, including venturi scubbers, rotary
atomizing wet scrubbers, free-jet scrubbers, ionizing wet scrubbers and others. Because they
utilize water to entrap particulate, many of these wet scrubbers can serve multiple purposes of
quenching a high temperature offgas, condensing mercury and other volatile metals, removal of
acid gas by an alkali added to the scrubbing water and removing particulate.

Mercury and hazardous metals removal The volatility temperatures of Cr, Ni, Be, Ag, Ba,
Sb, T1, and Pb are above 1160°F, and thus will be condensed in the quench step of the offgas
treatment. Selenium has a volatility temperature of 604°F and cadmium of 417°F, and will also
condense in the offgas treatment process. Although the volatility temperature of arsenic is only
90°F, arsenic will be present as oxide, which, being soluble in water, would be removed through
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wet scrubbing. Data from hazardous waste incinerators indicate metal removal efficiencies for
fabric filters are far higher than 95% for most metals except mercury. Mercury can be removed
with high efficiency wet scrubbers, or be adsorbed on activated carbon. Activated carbon also
adsorbs other heavy metals.

Removal of products of incomplete combustion Products of incomplete combustion (PICs)
include dioxins, furans, and polyaromatic hydrocarbons and possibly carbon monoxide and low
molecular weight hydrocarbons. Upset conditions in the thermal treatment unit can also cause
significant amounts of PICS in the offgas system. The two most common methods for ensuring
near total destruction of PICs are activated carbon adsorption and catalytic destruction. Provided
PIC concentrations are small, carbon adsorption offers high removal efficiencies at relatively low
capital and operating costs, while also being easy to operate and maintain. Catalytic PIC
destruction processes operate at temperatures of 300-1300°F, and typically achieve destruction
efficiencies of 90-99%.

Volatile radionuclides removal Volatile radionuclides present in the SDA waste include
tritium, “C, ¥Cl, 1, and ?*Ra. The amount and activity of radium is sufficiently small that
removal may not be required. Chlorine and iodine, if present in the offgas, will be removed by
the acid gas scrubber. Tritium will be oxidized in thermal or nonthermal oxidation treatment
to tritiated water. If the buildup of tritium becomes excessive, the contaminated water would
need to be solidified into cement. Fixation of *CO, can be achieved using an industrial process
to produce CaCQ,. A calcium hydroxide slurry is fed to the top of a fixation tower, with CO,-
containing offgas entering the bottom. The resulting calcium carbonate slurry is filtered, dried,
and packaged for disposal. Threshhold levels and release limits of tritium and *C need to be
determined to evaluate whether fixation processes would be required.

3.4.10.2 Data Review

Although different treatment systems will have variations in their offgas treatment processes, any
thermal treatment process, in-gitu or ex-situ, as well as many nonthermal processes will require
offgas treatment, As a whole, offgas treatment technology is well developed.

Commercial Capacity: Offgas treatment systems are widely used in a great variety of
industries, including nuclear fuel reprocessing, hazardous waste
incineration, municipal waste incineration, petrochemicals
manufacture, the pulp and paper industry, and smelting operations.
Capacity of these industrial systems is well within and beyond
what would be required for the SDA remediation. Experience has
also been gained from offgas systems on radioactive waste
incinerators, both in the United States and abroad.

Measurements of performance Offgas treatment efficiencies will be directly tied to
or efficiency: emission limits, and will likely include CO, total hydrocarbons,
sulfur dioxide, particulate less than 10 microns, principal organic
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hazardous constituents (POHCs), dioxins, HCI, chlorine, NO,, and
RCRA-hazardous metals.

Fate of volatile radionuclides: Volatile radionuclides will be removed to the specified limits

Fate of volatile and
semivolatile metals:

Liquid wastes:

Solid wastes:

by the offgas treatment system. Tritium removal will require
removal of water, and possibly, for some systems, a reactor to
ensure that all tritium is in the form of tritiated water rather than
tritium gas. ™C as CO, can be removed by many commercial
methods, and halogens will be removed in the acid gas scrubbing
steps.

Volatile metals will be removed to the specified limits by the offgas
treatment system by condensation, filtration, adsorption and other
methods.

Systems can be designed as either dry, without liquid waste; or
wet, in which case waste would need to be treated or stabilized.

For most thermal treatment systems, solid wastes containing
volatile metals such as mercury and cadmium will come from the
offgas treatment system. Spent solid adsorbents and HEPA and
other filter media will also be wastes from the offgas system.

Vendors, Contacts, References:

1. D. Dalton, E. M. Steverson, G. L. Anderson, Air Pollution Control in Thermal
Trearment, EGG-WTD-10038, March, 1992.

2. EG&G, Idaho, Mixed and Low-Level Waste Treatment Facility Project, Volume 3,
Waste Trearment Technologies, EGG-WMO-10244, September, 1992.

3. A. G. Croff, An Evaluation of Options Relative to the Fixation and Disposal of "*C-
Contaminated CO, and CaCQO,;, ORNL/TM-5171, April, 1976

3.4.10.3 Data Gaps

As emission standards become better defined, a more thorough review of offgas treatment
capabilities should be made, including estimating offgas treatment system costs. A more detailed
review of methods for fixation of CO, is also needed to ensure technical feasibility.
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3.4.11 Portland cement
3.4.11.1 Description

Portland cement has wide application as a stabilization/solidification (s/s) agent for
immobilization of wastes. In this type of system, cement and an aqueous waste, or cement,
water, and a waste are mixed to form a solid waste form. Other solid materials such as ion-
exchange resin, filter sludges or mechanical assemblies are either added to the mixture or are
encapsulated in the cement. As the cement begins to set or cure, a colloidal gel of indefinite
composition and structure is formed. Over the curing time period, the gel swells and forms a
solid matrix composed of interlacing, thin densely packed silicate fibrils. Contaminants in the
waste being treated are incorporated into the interstices of the cement matrix. The resultant
solid formed has a high compressive strength, excellent durability, low leachability and when
properly formulated, leaves no free water. The addition of selected sorbents and/or emulsifiers
often overcomes the problem of contaminant migration through the rather porous solid matrix,
and consequently lowers the leaching losses from the treated wastes.

Stabilization techniques are generally those whose beneficial action is primarily through limiting
the solubility or mobility of the contaminants with or without change or improvement in the
physical characteristics of the waste. Portland Cement based s/s systems are widely applicable
for both hazardous and mixed waste requirements to achieve a high degree of immobilization.
They offer effective treatment of organics (up to 10 wt. percent), most inorganics (except
sulfates and halides), heavy metals, and radioactive materials. This form of technology has been
used extensively for treatment of Low-Level Waste (LLW) in the nuclear power industry.
Portland cement s/s has been determined to be the Best Demonstrated Available Technology
(BDAT) to satisfy RCRA hazardous waste treatment standards.

3.4.11.2 Data Review

Technology Category: Stabilization

Technology Names: Portland Cement Systems

Commercial Name: Portland Cement S/S Systems (14 major vendors)
Commercial Capacity: Mobil Plants: 150,000 gallons per day of waste.

Site Specific Plants: capacities set by appropriate economy-of-
scale design to meet remediation requirements.

Demonstrated Capacity: Proven technology. A specific application on SDA treatment
requirements would typically be proven in laboratory formulations
before a field application was designed. A formal demonstration
would then be carried out on a pilot plant scale of 1/20 to 1/40 of
full scale.
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Applicable to: Yes No
Contaminated soil x {typically)
Contaminated metal X
Combustible waste X
Cemented sludges, concrete, brick, etc. X
Uncemented sludges X
Salts

Nitrates X
Other salts X
Mixed waste types X
Drums of liquids x (may be accomplished in-drum)
Aqueous liquids X
Acids X
Organic liquids X (limited to 10 wt % of mix)
Halogenated x (certain halides only, conc.
dependent)
Nonhalogenated X
Organophosphates X
Gas cylinders X
High activity waste x (typically)
Pyrophoric materials X
Lead wastes X
Asbestos X {typically)
Restrictions on feed form:
0 Loose solids not greater than 1/8 inch diameter
o Drum waste may be solidified in-drum, if applicable waste type
0 Although the feedstock may be liquid, slurry, or loose solid, premixing must be

considered to provide a homogeneous feedstock with a similar consistency to

provide best economy for a continuous process; 1f batch process then economy

may favor less waste stream mixing and more special formulations.

Sealed containers of liquids or gases require special provisions

o Very large containers and miscellaneous debris will typically favor another
treatment technology.

=)

Pretreatment requirements:
(in addition to limitations noted above):  Extremely definitive waste characterization is
needed, to ensure proper mixture formulation

Level of worker exposure: This technology is typically more labor intensive uniess the waste

type(s) are highly consistent and a continuous or semi-continuous
process is justified. In general, the degree of personnel exposure
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Offgas characteristics
and treatment system:

is fairly high with this technology.

Process cannot be operated remotely, unless there is a continuous
processing requirement called for and the waste is highly consistent
in contaminant type and concentration.

A minimal gas cleanup system will typically be required for this
technology for the mixing and curing applications when volatiles
can be generated. The offgas should be relatively benign since
little heat is added to the material being treated.

Fate of volatile radionuclides? This technology is used extensively in the nuclear power

Fate of volatile and
semivolatile metals:

Liquid wastes:

industry to treat LLW. The solid product will pass LDR and
TCLP criteria for radionuclides and heavy metals.

Volatile and semi-volatile metals are compatible with s/s since
there is very little temperature elevation during the curing process
(160 to 190°F). The LDR criteria should be met or exceeded, but
demonstration or bench scale tests should be carried out for
specific waste mix for proof.

Essentiafly all organic liquids up to a maximum of 10 weight
percent can be effectively treated with cement s/s. Certain
inorganic wastes may retard setting or be more easily leached from
the cement matrix. Known limitations for inorganic liquids are
sulfates and certain halides.

Further stabilization required: None required.

Will the following contaminants be processed into a stabilized waste form?

PCB:s: Yes.

RCRA-metals: Yes.

Reducing agents (hydrazine): Concentration dependent.
Ammonia: Unknown.

Sr-%0: Yes.

Cs-137: Yes.

TRU elements: Yes.

Utility Requirements: To be determined
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Costs:
The estimated cost for treatment is $40 to $100 per ton for a mobil treatment system.
(EPA estimate from Handbook for Stabilization/Solidification of Hazardous Wastes,
1986) This does not include the cost of bench- and pilot-scale testing.

Vendor contacts, References:

1. Handbook for Stabilization/Solidification of Hazardous Wastes, Environmental
Protection Agency, Publ # EPA/54072-86/001, June 1986.

2. Mixed and Low-Level Waste Treatment Facility Project, Vol 3, Section 10,
September, 1992

3. Standard Handbook of Hazardous Waste Treatment and Disposal; Harry M. Freeman,
Editor in Chief, 1988.

4. Solidification and Stabilization of Hazardous Wastes, Parts 1 & 2, Apnl, 1989, M.
Iohn Cullinane Jr., Larry M. Jones, Hazardous Materials Control Magazine.

3.4.11.3 Data Gaps

Although this is an established technology, application to remediation of the SDA should be
proven in laboratory formulations before a field application is designed. A formal demonstration
would then be carried out on a pilot plant scale of 1/20 to 1/40 of full scale. The first questions
are how much and what types of waste would be solidified by this technology. Considerably
more waste characterization data would be needed if applied to retrieved waste than if applied
to secondary waste streams from the entire treatment system, such as excess waste water,
tritiated water, *C-contaminated waste, etc.

3.4.12 Polymer Cement
3.2.12.1 Description

The stabilization/solidification and immobilization mechanism employed by these systems to
entrap and hold contaminants is sometimes referred to as microencapsulation. They immobilize
the waste by encapsulating it in plastic matrix. Plastic microencapsulation has been used
effectively/successfully in nuclear waste disposal and is adaptable to special industrial waste.
The two most widely accepted polymer systems in use at present are the Vinyl Ester Styrene
(VES) system and the Sulfur Polymer Cement (SPC) system. In the VES system, very soluble
wastes can be treated since the free water is also immobilized when it is dispersed in the VES
resin binder. When the binder hardens, the free water and waste become trapped in the cell
structure of the plastic matrix. The technique involves dispersion contacting in the heated
plastic, followed by letting the mixture cool to form a rigid but deformable solid. This is
typically done in fiber or metal drums to provide the treated material in a convenient shape for
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transport.

In the SPC system a small quantity of dicyclopentadiene and oligomers of cyclopentadiene are
added to elemental sulfur and the resuitant polymer is a thermoplastic. It is known for its ability
to provide complete containment of the waste constituents and as such is used for specific wastes
where cost is not a limiting factor. It has applications for high concentrations of mineral acids,
corrosive electrolytes, and salt solutions in which there are few useful alternatives to
microencapsulation. SPC has excellent mechanical stability and corrosion resistance to most
minerals. One distinct advantage that SPC has over Portland cement systems is in the processing
itself. In Portland cement systems, if there is an inadvertent stoppage of flow in the process due
to an upset condition, the system processing equipment becomes solidified and typically requires
disposal. In SPC systems, a process flow interruption requires only reheating the equipment to
initiate processing again with no set-up and permanently plugged equipment.

The SPC process involves mixing dry wastes, elemental sulfur, and additives together and

heating the mixture to about 270°F. The waste form has successfully passed EPA TCLP testing
for toxic heavy metals and most NRC testing under 10 CFR 61.

It should be noted that the SPC and VES processes are both considered developmental for mixed
waste treatment, but results to date are very encouraging.

3.4.12.2 Data Review

Technology category: Stabilization
Technology Name: Polymer Cement Systems
Commercial Name: Sulfur Polymer Cement, Urea-Formaldehyde, Vinyl Ester

Styrene, and Polyethylene
Commercial Capacity:
In-situ treatment of contaminated soil: 1,500 cu yd per 8-hr shift.
Mobil plants for treatment of liquids and light slurries: 150,000 gallons per 24 hr day.
In-drum processing: 4.5 drums per hr.
Site Specific Plants: capacities set by appropriate economy-of-scale design to meet
remediation requirements.

Demonstrated Capacity: Proven Technology. Demonstration would only be required to
establish a remotely operated approach if job mandated.

Applicable to: Yes _ No
Contaminated soil x (typically)
Contaminated metal X
Combustible waste X
Cemented sludges, concrete, brick, etc. X
Uncemented sludges X
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Salts

Nitrates X
Other salts x (evaluate chemical
compatibility/reactivity)
Mixed waste types X
Drums of liquids X (may be accomplished in-drum)
Aqueous liquids X
Acids x (chemical reactivity must be
evaluated very carefully)
Organic liquids X
Halogenated x (s/s formulation dependent)
Nonhalogenated X
Organophosphates X
Gas cylinders X
High activity waste x (s/s formulation dependent)
Pyrophoric materials x { s/s formulation dependent)
Lead wastes X
Asbestos X

Restrictions on feed form:

0
o)
0

Loose solids not greater than 1/8 inch diameter (ground or delumped)

Drum waste may be solidified in-drum, if applicable waste type

Although the feedstock may be liquid, slurry, or loose solid, premixing must be

considered to provide a homogeneous feedstock with a similar consistency to
provide best economy for a continuous process; if batch process then
economy may favor less waste stream mixing and more special
formulations.

Sealed containers of liquids or gases require special provisions

Very large containers and miscellaneous debris will typically favor another

treatment technology.

Pretreatment requirements:
(in addition to limitations noted above): ~ Extremely definitive waste characterization is

needed, to ensure proper mixture formulation

Level of worker exposure: This technology is typically more labor intensive than other cement

stabilization techniques unless the waste type(s) are highly
consistent and a continuous or semi-continuous process is justified.
In general, the degree of personnel exposure is fairly high with
this technology.

Process can be operated remotely, but demonstration may be
required to prove effectiveness for an in-situ application. If ex-situ
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Offgas characteristics
and treatment system:

where in-drum technique is employed, robotics approach is
probably not applicable. If mobile processing of ex-situ
application is warranted, a robotics approach is probably not
applicable.

A minimal gas cleanup system will typically be required for this
technology for the mixing and curing applications when volatiles
can be generated. The offgas should be relatively benign since
little heat is added to the material being treated. If in-situ
application is employed where solidifying agents are injected into
soil and some gross disturbance of soil takes place, an enclosure
with separate air emission control system may be required for
particulate and some minimal amount of VOC emission control(s).

Fate of volatile radionuclides? The waste form for the SPC process has successfully passed

EPA TCLP testing for toxic heavy metals and most NRC testing
under 10 CFR 61. Laboratory testing has shown that SPC is
resistant to leaching of both radionuclides and hazardous metals.

Fate of volatile and semivolatile metals? See above.

Liquid wastes:

Essentially all organic liquids up to a maximum of 10 weight
percent can be effectively treated with some form of s/s. The
SPC process is most applicable to high concentrations of mineral
acids, corrosive electrolytes, and salt solutions. All s/s processes
are specifically formulation dependent upon the actual waste being
treated and the range of variations during normal remediation
processing. The need to homogenize the feed stream is extremely
important when s/s is used.

Further stabilization required? None required.

Will the following contaminants be processed into a stabilized waste form? (if so, what form?)

PCBs;
RCRA-metals:

Yes.
Typically, but test data is needed. Barium, silver and selenium may
not be stabilized.

Reducing agents (hydrazine): Concentration dependent.

Ammonia:

Sr-90:
Cs-137:
TRU elements:

Unknown.
Yes.

Yes.
Yes.

38



Utility Requirements: To be determined on actual site based upon an economy-of-scale
approach. A good source book to evaluate actual experienced
utility requirements 1is the "Handbook for
Stabilization/Solidification of Hazardous Wastes", EPA/540/2-
86/001, or a more recent and updated version of same.

Costs: The estimated cost for treatment is $40 to $100 per ton for a mobil treatment system.
(EPA estimate from Handbook for Stabilization/Solidification of Hazardous Wastes)
The experienced treatment cost for drum ex-situ treatment is $224/drum (1986 data).
The experienced cost for in-situ treatment using a backhoe on a large RCRA sites was
$10 to $20 per cu yd in approx. (1986 data). All of the above cost will be somewhat
higher for mixed waste treatment in current dollars.

Vendor contacts, References:

1. Handbook for Stabilization/Solidification of Hazardous Wastes, Environmental
Protection Agency, Publ # EPA/540/2-86/001, June 1986.

2. Mixed and Low-Level Waste Treatment Facility Project, Vol 3, Section 10,
September, 1992

3. Standard Handbook of Hazardous Waste Treatment and Disposal; Harry M. Freeman,
Editor in Chief, 1988.

4. Solidification and Stabilization of HazardousWastes, Parts 1 & 2, April, 1989, M.
John Cullinane Jr., Larry M. Jones, Hazardous Materials Control Magazine.

3.4.12.3 Data Gaps

The SPC and VES processes are both considered developmental for mixed waste treatment, and
hence data from treatability studies is needed for proper evaluation, once the waste types for
which they are being considered is determined. Long term data regarding stability of polymer
cement, such as resistance to biodegradation, are needed.

3.4.13 Pozzolanic Processes
3.4.13.1 Description

Pozzolanic processes employ an immobilization mechanism to entrap and hold the contaminants
in a solid matrix form. The stabilization/solidification and immobilization mechanism employed
by these systems to entrap and hold contaminants is sometimes referred to as
microencapsulation. The basic differences in the pozzanlanic processes are the type of binders
used. All pozzanlanic processes employ inorganic binders which differentiates them from
polymer cement systems which use organic binders. The binders used in pozzanlanic processes
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are varying combinations of hydraulic cements, lime, pozzalans, gypsum, and silicates. In these
systems, water is removed in the hydration reactions that result.

Pozzanlan/Fly Ash processes use a finely divided, noncrystalline silica in fly ash and the calcium
in lime to produce low-strength cementation. Pozzolan-Portland systems use Portland cement
and fly ash or other pozzolan materials to produce a stronger type of waste/concrete composite.
The waste containment is produced by microencapsulation in the concrete matrix. Soluble
silicates may be added to accelerate hardening and metal containment.

The type of pozzolanic process used is based upon the type of contaminants to be
treated/encapsulated and the resultant economics of processing. The Pozzolan/Fly Ash system
is relatively inexpensive but the cured composites may not be as durable or control contaminant
leaching as well as Portland cement systems. Oil and grease may physically interfere to reduce
the containment of contaminants. Pozzolan-Portland systems by contrast have can be formulated
to yield exceptional strength and retain selected contaminants more effectively. Research in the
nuclear, mixed waste field has shown that waste turbine oil and greases can be mixed into
cement blends if dispersing agents are used and the proper mixing system is employed. In
summary, pozzolanic, cement-based processes are more versatile than lime-fly ash processes,
can be formulated for exceptional strength, and have been found to retain selected contaminants
effectively.

3.4.13.2 Data Review

Technology Category: Stabilization
Technology Name: Pozzolanic Processes
Commercial Name: Pozzolan/Fly Ash System, Pozzolan-Portland Systems, Silicate-

Based System, and Lime Based System

Commercial Capacity:
In-situ treatment of contaminated soil: 1,500 cu yd per 8-hr shift.
Mobil Plants for treatment of liquids and light slurries have capacities of 150,000
gallons per 24 hr day.
In-drum processing: 4.5 drums per hr.
Site Specific Plants: capacities set by appropriate economy-of-scale design to meet
remediation requirements.

There is almost no limit to the capacity for processing of a fixed plant design, but
economics usually favor a mobile facility since it can be decontarmnated after use and
employed again at a different site for a different requirement.

Demonstrated Capacity: Proven Technology. Demonstration would only be required to
establish a robotics approach if job mandated.
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Applicable to:

Contaminated soil
Contaminated metal
Combustible waste

Cemented sludges, concrete, brick, etc.

Uncemented sludges
Salts
Nitrates
Other salts

Mixed waste types

Drums of liquids

Aqueous liquids
Acids

Organic liquids
Halogenated
Nonhalogenated
Organophosphates

Gas cylinders

High activity waste

Pyrophoric materials

Yes No

x (typically)
X
X
x (unless size reduced)
X

x .

X (evaluate chemical
compatibility/reactivity)

X

X {may be accomplished in-drum)

X

X (chemical reactivity must be
evaluated very carefully)

x (10 weight % or less, by formulation)

x (s/s formulation dependent)

X

X

X
x (s/s formulation dependent)
x ( s/s formulation dependent)

Lead wastes X
Asbestos X
Restrictions on feed form:
0 Loose solids not greater than 1/8 inch diameter (ground or delumped)
0 Drum waste may be solidified in-drum, if applicable waste type
0 Although the feedstock may be liquid, slurry, or loose solid, premixing must be

considered to provide a homogeneous feedstock with a similar consistency to
provide best economy for a continuous process; if batch process then
economy may favor less waste stream mixing and more special

formulations.
o Sealed containers of liquids or gases require special provisions
0 Very large containers and miscellaneous debris will typically favor another

treatment technology, unless selective separation is used; in which case, a
combination of s/s with another technology may be justified. -

Pretreatment requirements: _
(in addition to limitations noted above):  Extremely definitive waste characterization is

needed, to ensure proper mixture formulation
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Level of worker exposure:

Offgas characteristics
and treatment system:

If ex situ processing is required, then this technology is typically
fairly labor intensive and personnel exposure could be significant,
unless the waste type(s) are homogenized to be highly consistent.
If the waste can effectively be homogenized for consistency, a
continuous or semi-continuous process may be employed that can
greatly minimize personnel exposure. If in situ processing is
employed, there should be very little personnel exposure.

Process can be operated remotely, but demonstration may be
required to prove effectiveness for an in-situ application. If ex-situ
where in-drum technique is employed, robotics approach may be
accomplished but the process would be much more complex, and
may not be economical. If mobile processing is warranted, a
robotics approach will not be applicable.

A minimal gas cleanup system will typically be required for this
technology for the mixing and curing applications when volatiles
can be generated. The offgas should be relatively benign since
little heat is added to the material being treated. The only heat
required will be the heat of hydration generated and will result in
a maximum temperature of around 160 degrees Fahrenheit. If in-
situ application is employed where solidifying agents are injected
into soil and some gross disturbance of soil takes place, an
enclosure with separate air emission control system may be
required for particulate and some minimal amount of VOC
emission control(s).

Fate of volatile radionuclides? The U.S. Nuclear Regulatory Commission (NRC) has

developed a position on characteristics that solidified waste must
have to be acceptable. The waste types that the NRC focuses on
are low-level radioactive, so the standard may not be entirely
applicable to nonradicactive hazardous waste.  Radioactive
materials are entirely compatible with all types of
solidification/stabilization techniques and can generally be
successfully applied.

Fate of volatile and semivolatile metals? Can be effectively treated to meet regulatory

Liquid wastes:

requirements.

Essentially all organic liquids up to a maximum of 10 weight
percent can be effectively treated with pozzolanic processes, but
the pozzolan-cement processes are generally the most effective.
Aqueous waste can be effectively treated. The specific blend of
liquids present in the waste type(s) may favor one form of
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pozzonlanic process. This is typically determined by a treatability
study in which specific formulations are evaluated until the best
type process meeting the regulatory needs and best overall
economics is determined.

Additional stabilization required? None required.

Will the following contaminants be processed into a stabilized waste form?

PCBs: Yes.

RCRA-metals: Yes.

Reducing agents (hydrazine): Yes.
Ammonia: Unknown.

Sr-90: Yes.

Cs-137: Yes.

TRU elements; Yes.

Utility Requirements: To be determined on actual site based upon an economy-of-scale

Costs:

approach. A good source book to evaluate actual experienced
utility requirements 1is the "Handbook for
Stabilization/Solidification of Hazardous Wastes”, EPA/540/2-
86/001, or a more recent and updated version of same.

The estimated cost for treatment is $40 to $100 per ton for a mobil treatment system.
(EPA estimate from Handbook for Stabilization/Solidification of Hazardous Wastes)
The experienced treatment cost for drum ex-situ treatment is $224/drum. (1986 data)
The experienced cost for in-situ treatment using a backhoe on a large RCRA sites was
$10 to $20 per cu yd in approx. (1986 data). All of the above cost will be somewhat
higher for mixed waste treatment.

Vendor contacts, References:

1. Handbook for Stabilization/Solidification of Hazardous Wastes, Environmental
Protection Agency, Publ # EPA/540/2-86/001, June 1986.

2. Mixed and Low-Level Waste Treatment Facility Project, Vol 3, Section 10,
September, 1992

3. Standard Handbook of Hazardous Waste Treatment and Disposal; Harry M. Freeman,
Editor in Chief, 1988.

4. Solidification and Stabilization of HazardousWastes, Parts 1 & 2, April, 1989, M.
John Cullinane Jr., Larry M. Jones, Hazardous Materials Control Magazine.
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3.4.13.3 Data Gaps

Like other stabilization technologies, design and formulation of Pozzanlanic cements require well
defined feed/waste streams. Effectiveness and cost can be better evaluated once retrieved or
secondary waste streams are defined for which stabilization is being considered.

3.4.14 Decontamination Processes

Reviews of decontamination technologies, including descriptions, status, science/technology
needs, implementation needs, contacts and references are contained in Volume 3 of Idaho
National Engineering Laboratory Decontamination and Decommissioning Technology Logic
Diagram, EG&G-WTD-11104, January 1994. A summary of various decontamination
technologies and data gaps is listed below, taken from the INEL Logic Diagram. Only
technologies with the status of "accepted" (commercially available) are listed.

Surface Cleaning Alternative Data Gaps or Development Needs

1. Compressed-Air CO,  Extensive tests needed to provide
pellet blasting accurate cost estimates
2. High pressure water Development of water recycle system
and robotics control system

3. Superheated water Development of water recycle system
and robotics control system
4. Hot water Development of water recycle system
(low pressure)
5. Steam cleaning Development of water recycle system

and robotics control system
Strippable coatings
Vacuuming - Development of reusable filters
Ultrasonic cleaning

00 N o

Chemical Surface Cleaning Alternative General data gap for this alternative:
Well defined form (chemical species) of

contamination and substrate materials

1. Inorganic acid

2. Caustic treatment

3. Electropolishing Development of primary and secondary waste treatment and
recycle

4. Organic solvents :

5. Phosphoric acids Adaptation of system to meet regulatory requirements,
waste treatment development

6. Oxalic acid Adaptation of system to meet regulatory requirements,
waste treatment development

7. Hydrochioric acid Adaptation of system to meet regulatory requirements
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8. Detergents and None

surfactants
9. Bleaching Development of improved application techniques
10. Acid etching Adaptation of system to meet regulatory requirements,

waste treatment development

Mechanical Substrate Surface Removal Alternative

1. Ultra-high pressure Development of water recycle system
water and robotics control system
2. Shot blasting Demonstration plant, waste minimization development
3. Scabblers/scarifiers Adaptation to robotics control system
4. Grit blasting Test facility to determine decontamination factors, process
automation, and other design data
5. Ice blasting Adaptation to a robotics control system
6. Plastic peliet Development of system to separate and package
blasting contaminants and process waste
7. Hand grinding Development of remotely operated system and offgas
treatment system
8. Drill & spall None
9. High pressure jet None
spalling

Thermal Substrate Surface Removal

1. Flaming

95



5.0 REFERENCES

1. A Comprehensive Inventory of Radiological and Nonradiological Contaminants in Waste
Buried in the Subsurface Disposal Area of the INEL RWMC During the Years 1952-1983,
Volumes 1-4, EGG-WM-10903, June, 1994.

2. C. A. Loehr, B. H. Becker, D. E. Burns, R. M. Huntley, S. M. Rood, P. Sinton, T. H.
Smith, Preliminary Scoping Risk Assessment for Waste Pits, Trenches, and Soil Vaults at the
Subsurface Disposal Area, Idaho National Engineering Laboratory, EGG-WM-11181, May,
1994.

3. Human Health Contaminant Screening Analysis for the Subsurface Disposal Area, April,
1995.

4. Record of Decision, Declaration for Pit 9 at the Radioactive Waste Managemen: Complex
Subsurface Disposal Area, October, 1993.

5. C.J. Smith, A History of the Radioactive Waste Management Complex at the Idaho National
Engineering Laboratory, EG&G Idaho Internal Technical Report, WM-F1-81-003, Rev. 3, July,
1985, p. 77.

6. Environmental and Other Evaluations of Alternatives for Management of Defense Transuranic
Waste at the Idaho National Engineering Laboratory, Volume 1, IDO-10103, April, 1982, p.
1-4.

7. D. A. Arrenholz, J. L. Knight, Historical Report of Transuranic Waste Pits and Trenches
at the Subsurface Disposal Area of the Radioactive Waste Management Complex at the INEL,
EG&G Idaho Internal Technical Report WTD-91-027, August, 1991.

8. Lockheed Idaho Technologies Company Interdepartmental Correspondence, T. R. Meachum
to D. I. Kuhns, Revision of ER&WM-EDF-0007-93, Areas and Volumes for selected Radioactive
Waste Management Complex Pits and Trenches, TRM-04-95, January 30, 1995.

9. S. O. Bates, Definition and Compositions of Standard Wastestreams for Evaluation of Buried
Waste Integrated Demonstration Treatment Technologies, EGG-WTD-10660, June, 1993, p. 9.
10. K. P. Guay, Preparation of Soil Distribution in Trenches 1-10, and Pits 1-6, 9, and 10,
EG&G Idaho Engineering Design File BWP-ISV-011, undated. '

11. U.S. Environmental Protection Agency, VISITT 3.0 database, June, 1994.

96




12. M. C. O’Brien, R. H. Meservey, M. Little, J. S. Ferguson, M. C. Gilmore, Idaho
National Engineering Laboratory Waste Area Groups 1-7 and 10 Technology Logic Diagram,
Volumes I-11I, EG&G-WTD-10784, September, 1993, and R. H. Meservey, D. S. Vandel, M.
Little, J. S. Ferguson, Idaho National Engineering Laboratory Decontamination and
Decommissioning Technology Logic Diagram, Volumes I-111, EG&G-WTD-11104, January 1994.

13. EG&G Idaho, Mixed and Low-Level Waste Treatment Facility Project, Volume 3, Waste
Treatment Technologies, EGG-WMO-10244, September, 1992.

14. F. Feizollahi, W. J. Quapp, H. G. Hempill, F. J. Groffie, Integrated Thermal Treaiment
System Study - Phase 1 Results, EGG-MS-11211, Volume 1, July, 1954,

15. F. Feizollahi, W. J. Quapp, Integrated Thermal Treatment System Study - Phase 2 Results,
Third Draft, LITCO-MS-11211, January, 1995.

16. R. Geimer, T. Hertzler, R. Gillins, G. L. Anderson, Assessmen: of Incineration and
Melring Treatment Technologies for RWMC Buried Waste, EGG-WTD-10035, February, 1992.

17. T. L. Eddy, P. C. Kong, B. D. Raivo, G. L. Anderson, Thermal Processing System
Concepts and Considerations for RWMC Buried Waste, EGG-WTD-10058, February, 1992.

18. DOE Idaho Operations Office, Environmental and Other Evaluations of Alternatives for
Management of Defense Transuranic Waste at the Idaho National Engineering Laboratory, IDO-
10103, April, 1982.

19. J. M. Hubbell, Elevation of Surficial Sediment/Basalt Contact in the Subsurface Disposal
Area, Idaho National Engineering Laboratory, EGG-EEL-10794, May 13, 1993.

20. RWMC Area Topographic Survey, EG&G Drawing 175610, Rev. 2, October 16, 1991.

21. SDA Contour Map, EG&G Drawing 356697, December 4, 1987.

97



APPENDIX A

OU 7-13/14 Response Action Alternatives Chart
Prepared by Darwin Grigg
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Gensral Re3zpanse
Actlons

Remsdial  Tachnology

Process  Optlens

Eftectivanens

Implemuentabliity/Avallablilty

Cov 2

Institutional
Conlral

N

Limitations on
Access

L#gal restrictions on
iccessand use

I Deed restrictions I

Hainlanancs of
Existing cap

food And Erosion

Contiol

Ground water _
monitoring

Fancing ard other
barrlers

Halhvg Soil Cover Systam.
Subsidencd Correciion and
Placernenl ol up to Smel
[Cover soil dwring next 100

years

Oversion Ditche
Oks Construclion
Vegetalion Eslablishmant

Grading O Cover For Drainage,
Surface Waler Erosion, And
Runoff Control

fip - R2p ([rock)
Swlace AMmoting

Above Ground

Solidified
waste Vaull
Cover S, 'm

Mot affeciiva tor 3o nochdes dus 10 potential groundwster contaminathon
& Inbrusion N some SDA pits and benchas.

100-year sthutional conlrol will provide short-lerm prevenlion of intruslon
into 1he pits and renchey; Institutioral control over Kinger tme spans may b
necessary lo pravents modificalion of caps/covers and monllaring syslems.  Ground
waler protection and gasreleass not alfected by any socess

restckctlons,

Deed restrictions i anforced wil prevent Intrusion into tha pits and tranches;
Watilutibnal eontred over dnger Lime 3pang may be pacessary, round waler
protaciion and gasreteass not affect ed by any accessrestriction.

Physical barrler s preveant inlrusion nte the pits and renchas as long 21 they ara
maintained ang patrohed; Institutional control over longer tive 1pans My be
Pecessary, Ground wiler prolsclion and gastelease nol alfected by any access
rastriclions.

Existing operalional scenario. Provides belter proleclion hom inditration of
precipilation and from erosion than rock or synthellc covers dus 1o iIncreased
transpiation trom plants and same seif healing properties of clay la nalurat soil
Heets RAD's for TR and Volatie Diganics, Reacior Wasta RAQ's may akso be et

if erudit given for exisling pack aging, and 1ack of sxisting fmigeation of contaminints
over 30 years bs fecognitsd.

Efleciive In monitorlag subsurtace migratien {or most conlaminants,  Monitaring
does nol tell source. Prascence of 1he reacior wasia nuchidas from other locakes is
possibla

Hag bean very elleciive in praventing catastrophic waler inundstion. Fulher
contlruclion could provide protecLion against 2 1000 year hood. Nol sfleciive
against organic or C-14 gas releases or rouling precipilation.

Cumrent vegetation has been offective In providing ransphation for routine
precipitation. Mot slfecthve for catasirophic waler lnundatlon. Further vegetation
coukd provide protection against deep panetration fFom sping funofl. Not alleclive
againgl organic or C-14 pas releases o catastrophic Nocding.

Mozl efleg ive method in greventing Both Joullne and calasirophic episodic waler
Inundation. Used with other constiuction to provide protection against 1 1000 year Nood.
Hol allective against organic or C-14 gasrekases.

Hora glicclive bn prevenling wind erosion and Intrushan than sy Gp, membrant and
soil cover malerals. Some prolaction Jgaknit catasirophic water inundation. Asshis
other conslruchion in protection against a 1000 year flood. Nol effective against organic
or C-14 gas releases or peneration by routing precipitatlion.

Most aliective Intrusion rolection possioke of all "hardened™ cover systems [basaliic rock,
plasma arc, asphak and concrete). Cover for vault includes conlow ing/ shaping, nitha sail,
vegelation, 3o tramspiration of most prechpitation and runotf of high eplsadic spring
precipllation betler than al-grxde cavers, Most sifact Cover Syslem 2gainst fooding
since cap b well 3bove grade and the cement-wasislorm- block-"armored®. Entre nysiem
rasistant Lo aven funning water.  Sheer bulk and mass makes cover effective aganst
subsidenca within vaull and below In SDA. Some gas retardation for C:14 gases ind organke
vapars, Excellent thiehling 3gainst radlition and wind erosion. TSA and other stored wasts
mght ba Incorporated in vault sa wasle, overall dsposal cost, and space b minimized.

This anarnathn i lss than thal curenlly implemanted at the

RWHT,  Might require wahar of ANARS by regulatony
agencics.

Currant practica. Has been successful 3t Emiling human
Intrusion. Dost ot Emil ankval intrusion. Requirey
someaniorcamenl.

Curvent praciics, Has baan soccessiul at dmiting human
intrusion. Requires some anfarcemant.

Cuwrrent gractics. Has been succassful al kmiting human
and soms animal Intrusion, Requires lence maintenince.

Curant praciics. Requires continued 3ctlion on 3 imited
bashs by . ndresponsible agencis, Wnplamaatation
ToMows Curenl practicss,

Current practics. Moniloring technalogy for bath short and
fong term B8 proven, commescially available, May requrs
eslablishmant by ragutalory agencies of deminimus tevels
before future brigation i poretied.  Advanced mondorng

ay & ty belng developed.

Conventional Canstruction, Technology i immaediataly
avakable. A¥eady implemenied 1o soma extant.
Malntenanca requied.

Conventlonal Construction. Tachnology i immeduaiely
avaiable. Aready Wmglemented to some extent.
Maintenincs  [watering) might Ba fequred lor non-
nathm species.,

Conventional Construction. Techmology is immeduately
alable, Aksidy implemented 19 some sxtenl.
Haniznance requred.

Convantlonal Consiruction, Technalogy b immadialely
avalible, kizintenance reqursd.

Canventional Construction. Tachnology i immedialely
avadabhe. Duavelopment mighl ba required dependang on
typs ol wasts Incorporated intocap and the cap
soluhfication malerial

Capral -nore
Q&M+ none

Capital - ponae
Q&M - very Tow

Caphal - pona
O8H -vary dow

Caplal - very low

O4H -vary low

Capkal - very kw
O4H - low

Capral - very low
O8H - Jow

Capaal - low
O4&H - low

Caphal + very low
O4H - very low

Capital - very low
DLK + low

Capital - low
O&M - vary kow

Caphal - mod
O4H - fow




Plasma Arg Glass Cover

Sou and Rock

Cover System

Composile Clay,

Sand, and Soil Cover
Sysiem

Goosynthetic/
Comman Soil

Cover System

G +

G brane/Clay
Caowver System

Concrels Cover
with Overlylng

In Situ
Containment,
Stabikzation

Geomenmirang Liner
and Solt Cover

RCRACOMpGSRE

Cover

LT RA Composite

Caver

—1

Jet Grout Porlland.
Polymer

or Nalural Anakg
CementingAgentss

Monelithic
Condmement

Might be sifective as an intrusion barmicr. Binds swrlace Zontaminants in glass and
destroys organics.  Soma Inhduratlon of precipitation ¥ racking occwrs. Simelar
10 nalwal basallic cover. Hot 2 gas barvher.

Not as aftecibve as native solt Lranspiration not akled by plants, Doplh of Infiratkon
from spring precpitation further than in nathve soil. No pas relardation for C-14  gases
and ofganic vapors. ltrusion protaciion skmilar 1o plasma are, asphait and concrate
covers.

As effeciive as conarete and plasma are ¢ap. Permeablity lowar than nathwe rock Cover,
Polentlat for Infilratlon of precipitalion gver ime based on extent of aracking from
wealhering . Provides soma Intrusion proleclion. Nel # gas light barrjer

More atfective at stopping maistur s infiltration of mredpitation than sokffock or soil
Systems. About equally a3 eecthve at stopping erosion provided clay does not desicale. Hon
nitive saoils may nol support Indigenous INEL vegetation. Litth protection irom inwruson,
similar 1o present nalive sol cover, S0me gas hurrker propertics if the chy ramaing
moist.

EHeclive; provides moderates 10 high kevel of protection from balitration of precipitation
and lrom erosion. Ho kong-term (+ 100 yrs) inlormation on geosynthetic e expeciancy.
Hembeans acts a3 2 gas barrber. Some lnlrusion protection irom membrara,

Effeciive; provdes high level of prolection hom inhitration of peecipitation and rom
erosion. No long-term (+100 yrs) infarmation on geosynthetic he expeciancy.
Hembrane and clay 3CL as an imgroved Qas baimicr over either alone. Some inbruskon
poleciion frnn membrans,

EHective for prolection from Inhltration of precipitalion and highty sffeciive

at prowding erasion protection. No kong-term {# 100 yrs} intormation an
geosynthetic kie expectancy. Concréte provides intrusion prolection and menbrane
15 a5 3 gas barvier

Etteciive; provides high level of protection from nliliration of precipitation
and from erosion, Cly and membrane prowds a gas barier. Excellent lar long
1erm monioning of caps effecliveness. Sight inrusion proteclion.

Gogd Intrusion protgckion. Gas barier from clay. Mol 2% gffeclive ranspiratlon
moperies as native scil @ps wilh vegetalion. Considered moit effective in arkd areas.

Eflective short term physical bamser for lteral organic vapor movement. Long-term
eltcclivent 53 based on durabikty of the metal.

Jet grouting 15 the most effective appicalion method for applying below grads
stabdgation agents {grouts) to encapsulate buried wasle. It is mast eflective in terms
of tiing volds in waste and the soil, inturutely mixing prout with waste and Clayey
soils, ehminating the polential for subsidence. and in varicty ol grouts that can be
applied. Jet grouting particulile grouts (panlind cement) are able 1o penelrate INEL
soil. Void rediction in buried waste confainers 1s grealier that 70% and sol woids are
reduced al kast 50M Wilh the proper grout jel grouling aeates a cemenled manoiih
10 mitlgale waler inlifration , waste migiation providing a high keval of prolection
from infliration of precipitation and inlruslon protection. Hematite, Apatite, and
Cakiles grouts thus applied provide both a physical and chemical inleraction with
TRWWHeavy metal contaminated wastes {se¢ insitu Treatment) Polymers provide
malaly a monolthic physical barrler preventing water lnlrusion and pit subrsidenca.
Jet growting with cementing agents ke poriland, apatits, hematits, and cakcite wil
Jciard but not eliminate Lhe migration of VOC's. Polymer prouls do beller inthis
regards. Reaclor Waste such as car bonates and soid metal companants will be
knmiotdlized. Hematite, apatie, cakcite, porlland or polymer malesials hive shown long
term durabiity jn €8 Rem gamma fiekds.

Eltcctive al 3ealing ractured basalt irom moistura penetration. One Lo three orders of
magnituds change In hydrautic conductvity attainable. Long-ierm effec liveness
positive because presence of nalural cakcile malesial in hasak has nol moved. Nod
100% el eclive because of complex natwre of basalic Mows. Does hmit permeation ol
VOC materlal 1hrouph the basalt. Wil effecl other Insitu treatments bn the basait
such 23 vapor vacuum exliaction. Shawukd stop solulbons of waler and dssohed
carbonates kmiling flow of C-14. Should a0 stop downward fiow of other dissolved
hason products.

Application st in RAD phase. Hot demonswralad.
Sorsaned out as technology nol avalsbl by FY-97.

Conventional Construction. Technology s immediataly
avalable. Littke maintanance requrad depending on
vegatatlorchosen.

Conventlonal Construction. Technology & immedlely
avalable, Malnlanance required simiar to a road
surface to repar cracks.

Conventional Construction. Technology # mmedutely
availibla. Mamlenance requred for repaking clay
dessication cracking.

Canventional Construction. Technology & knmadutely
avadable. Maintenance required.

Conventional Construction. Technology s knmediuately
avalable. Less mainfenance requirsd Lhan il cly
system s bner can be ui«d to heip preavent chy
dessication racking.

Conventional Consiruction, Technology is e diately
avalable. Mininimal maintenance requesd a5 conacld
nol esposed to element s as it wouk] be in 3 rodd sufsce.

Conventional Conslruction. Technology m kmmedultely
availlalde. Maintenance required after 50 years. Cap
provides 3 monLoring capability.

Conventional Construction, Technalegy 8 mmedialely
avaiable, Littie Hanlenance requred cap shoukd have
3 300 year bfe in ard aress.

Hot applicable Lo certain soils with Lrge boulklers or if Lrge object
mighl bg ¢ncountered. Has been kmphemented at Hanford as a migration
barrier but ne demcnstrabion at INEL,

PFrool-of-concept should b completed by FY-96; il posiuve, technalogy
would be immedulely implementable. Earlies) avadablity is start af
FY-97. Jel grouted monolith may decreass permeabitily around organic
source lerms and inlerlere wilh vipor vacuum extraction; therefore
impementabiity should fclow other m utu arganc remediaton if
orQanic vapors are (0 be removed.  Jel grouting inregions whera thera
B poteatial 1o bring high gamna hekd materials Lo the surface has never
been demonsicated. Special shuckhng and pos sble F&MOLE O par alGn may
be fequred,

Proolof-concepl demensirated in FY-94, (il hole and high pressure
injection of common o lield grouts such as portiand knmadiately
available and implementabha. Must be vsed in conjunciion with 3 good
cIp of will eata 2 "bathiub” clfectiva in the waste thal will increase
contact time and Lhus keaching Lo waler.

Capital - mod/high
04M - low

Capital - very low

O4M - low

Capital - mod
O4M - low

Capial - iow
Q&M ~ kaw

Capitad -~ ow
Q&M + low

Caplcal - low
O4H - low

Capitat ~ mod
O4M - low

Capilal - mod
O4H - kw

Capital - mod
DAM - low

Capital - low

O4H - low

Capital - mod
O4M - low

Capital - mod
O4H - low




In-situ  Stabikizanon/
Below Giade solation,
Physical Interaction
with Wasle

Hon-thermal

Vedlical
inper meadle
Barziers
Walls)

{Sturry

Hocizonlél
Imper meate
Barrigrs

Dynamic Cempaction

Jer Grout Walls
veslical/horizonlal

In Siku Fhoton o
Neulron Transmulition

Permeate grout
weatnent
apeclalty grouts

Pressure  Grout
Barrier/treatment
specllty grouls

Verlial barriers appicd by trenching s 3 proven tachaoksgy In Lhe construclion and
mining Industry o bmit Skleward walsr movement usually in satwrated humd
environments. Effectivencss 1o Stop water Mow in an unsaturaled arid emarcnment,
akong basalt fractures, and akong the basalt sol interface is unknown. Determining
eHectiveness of any mechanical barrier difficult In situ . VOC transpart theough such
DarTiers B diminished somewhal. Useful as a pretreatment before retrieval to shere
wasia seam and preven secondarny contamination.

Horizantal bartiers applied by angular renching of well Lachniques nat 2 groven
technology. Effectivencss Lo stop waste keachata fiow in an unsaturated arid envwonment
is unknown. Determining effectivencss of bamrker difhcult i silu . Thesa baThers
mare ditticuit 10 make and verify. than vertical. EMectivencss in ldaha's clayey soil wil
proabably not be much more than the natural clay in tha soil.

Both Intrusive (INEL hammer dril lance} and non intrusive {Savannah River dropped
concrete tylinder technique) methods exist; however, only Lhs inbrushe Lechnique has
been demonstrated and verified for INEL buried waste conditions. Some short tesm
gain i deaeasing woids for loosely dumped HEL debris. because of clay soll resstance
to compaction. Shoukd be alfective long-term 1o deaease fulure Subsidence and
minimze maintenance but Savannah River Studics shaw somae vokls remain. The non
intrusive method has essentiaity been done with the heavy equipment compac licn used
on mast of the SOA duning maintenince, Both non-inrusive and ntrusive Lechniques e
Ineffective 10 contain VOC's and dctually may enhance release Ly punciuring of
rupturng druns with free iqukls. Compaction should be as effective lor both shart
and lang ledm on reacion wasle though any intrushve compaction may be dimated by
reactar vesseland large objects in LLW gits at the SDA. Much of the subsidence has
akeddy ocoured and hwrther compaction may show htlle further densily inacase.

Proven technology in construciion industries particulrly in dam bukding. Efteciive
impermeable barrier & the short-term growded Lhe construction can be venhed,
Long lerm effeclivencess 15 unknown. Jet Grouting application mare penetrating than
any other in 3au apphcalion melhod. Use wilh specialily grouts discussed under
chemical Darfiers. Large buried objects may divert flow and dearease effectiveness.

Conoeptual technology that involves placement of 3 portabke nuclear accelerator ina
torehoke palced i silyu within (he buried wasie sUcam. Neutron of photon ombardment
Lransmutes 1he kng Wved radicaucies lnfo ones with shorter haif ives. Not eHective for
hazardous meldks and organics. Does nol reale a waste form for [hese nucides.

Potenlial as a preweatnment for speciic high TRU waste slecams

Free gravity Howing Qrout into buned waste is mest effeclive in $andy soils oF

wilh very low viscosily chenicat grouls no longer in use (ORNL). Use of nalura)
analog grouls such as Xon/ phosphorous-rich materiais a ¢ only as effeclive as Lhe
penelialion Into wasle and soll which is minimal, Very Itte miing with Lhis
apphcat:on method. Permealion deperkds on very kow vISCOSILy grouts nol mechanical
of pressure enhanced muing. The simianty of the process 19 naturad sedunsniatian
processes gives soma conhdence Indong term s1alshity . Perreate grouding not
sunable for sity Clay sols and curent for mulations wilk nol penelrale INEL-SOA
3ol lypes.

Fressore grouting (S0-500 ps) is more effeclive at penslralion than permeats
grouting. Pressure groulng pasticulale grouls unable to pentlrale the INEL sod
Lypes though some other grout for mulations might work. When Combined with
dynsmic compaction provides E-Scmv s conduciavily compared to E-3cmvy
conduct vty in soil/waste seams; VOC's migration might be slightly hindsred in
the short 1erm. Long term effect might be maintained using a natural analog grout.
These aovel grouting materials such as ron/ phosphorousich malerials have
several lealures IMdd IMprove presswe effectivencss: Pressule grouting
application method 15 $hill relatively dependent on grout tormulation and Qives a
shghily more inlimate meing of greul and waste than permealion grouting.
Presswre grouling 1S usually more elfective than permeatling grouling. Long-lerm
ellecliveness based more aa giout properthes (such as natral anakog simlirdy 10
nalwalrocks) 1han the appicalion method in most sails.

Jel Grout
Barrier/treatment
specially grouls

et grouting {1 000-6000 psi} 18 the most elfective groul application melhods In
terms of varkety of grouts applied and intimate miing with waste and within clayey
sols. el grouling particulate grouls alike [ penelrate INEL 30il. Hematite,
Apauite, and Cakiles grouts Lhus appeed provice both a chemical interaction with

TRU/Heavy metal cantaminated wastes. These grouts chemically kck up ihese
paticular glements. Jel prouting with cemenling agents kke poriland, apatite,
hemnatite, and Cakits do nat chemically retard migr ation of VOC's. Aeactor Wasle
such as carponates and sold ME Lk COMponents wilk have soime chermi al
mmobi2ation.  Jel grouting s abke to apply a wide vanety of groul formulations
and wilh effeciive mixng would bind C-¥ 4 carbandies, lodudes, both hazardaus and
radiosctve [adionuciides. The void Ing and subswience feducing properles
remain. Long-term eHectivernesa B based mirs on prowy properticy and graut
wasle inleraction 1han in phy scat stebihizaton when this appkcalion melhod
usadl

Barrier technclogy rs immedalely avalsble for mitigating litenal vOC
movement provided khe pit boundancs arg kndwn 3id ofganc venting
across this barrler boundary & not desied.

Barrier technology Is unavailablo tar Heavy metais/TRU, vOC and
Reactor Wastes. Both elfectvensss and FY-97 avadabhly caused Lhis to
D¢ rejected as a process opton.

Tachnology knmediatedy Inplementable for nan-intrusive technique;
howewver, special shiekling and possibic remote operaton woukd be
required for inlrusive lechnijues. it has been used o0 buried waste
contaminated with Heavy Hetals/TAU, VOC's and Reactor Wasles.

Jet grouting to make walls is Immediatety avaladle. Venfication
wihout visual conlimalion can be diffcult. Horizontal driling sill in
development, but expected to be implementabic by FY-36. Most
applications in the past decada have been In large cansiruclion projects
rather than waste remeduation. Large buried objects may dvert fiow
digupting wall Integrily 30d/0f use excessive amounts of groul.

Hol yet demonsiraied. Stilwngescarch phase. Elimwialed due top
availabiity and effectivenss Iof burexd wasle sliedimd,

Permeation grouting technology is wmmedialely available and casily
implementable. Soltions applicabie to cidyey sails we 1n RAD
phase nol impkementabie by FY-97. Rejected due 1o msuflcrnt
penetration in INEL sods.

Low pressure grouling akong wilh dynam compaclan have been demanstraled
at JHEL in 1386,

Jek grouling in buried wasts 15 simila 10 that 1o muake walls Lthus s
wnmedately avadabie. Venbcation of vold hil withaul vl
confrmation can be dithicull, A few appicalions i the past decade
hava been in rge Linddiks, Conlaminatien conbiol antical for
adaressig contamination of Reactor wWasts and TRU in diihing 3poils
and on drll Lnca

Caputal - mod
O&M - ow

Captal - mod
CdM - low

Capatal - Jow
GAM - vary kow

Capial - mod

QaM - med
Caplad -high
C&M - hgh
Caprtal - mod
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in Situ Treatment;
Below Grade Appicallons,
Chemical Interaction
Some Slabihization

Vitrihcatlon I_.

Sod  Muing
—— Barrler/ticatmenl
specialty grouis

—— Chemical  Bamiers

Vaporvacuum
Extraclion

ln Suu Seil
B emediation

ln Siu
Grourd waler
Bworemediation

In Situ
Surtaclant
Flushing

Joule Healed In
Silu_Virihcation

Jouke Heated In Silu
Vitnficalion  wilh

Preucatment

Hon-Joule Healed

In Situ Vitnhcation

As clleclive asjel grouting for buried honmogenauswaste such as contaminated
sedimenls oF Shdges. HMost any groul can be uwsed and current augers can mix large
volumes, Not effective for buried debois type waste, targe objects, and cantainered
wasle. Miaing effectivaness depends not on permeabiity of soikor sludge but on
ansoclilcd debns, rocks and large objeas. HEL dayey soil can sahance corlain
greuts effectiveness when mised thoroughty. More controlable than jeb o pressure
frouting 3o effective barriers can be consiructed which are as durable as the
soiddied grout/sod miiurg 5. Mlking might encourage VOC movement and is
geneally nat used for VOC remeduation.

TRU, Heawy metal, Carponats, kodudé migratien can ba miligated by chemdcal aven
Tegardiess of (olal water permeabiity. Specalized grouts have been and as being
developed 1a form [his combined moisture and chemical barier. Laboratory siudies
show Fons phospiaeicsich matesials dlract and sequestor migrating haz adous and
radicaclive metals. Short berm eifectiveness excelient, in Lhis capacity, as perfect
waler imgei meability & nol required. Long term etfectiveness hey promese due Lo the
naiuwrdl analog aspect. MNatuwal racks at tha MEL conlains calcium, phosphorus and
won. Although nct demonstrated, Chemical Yrouls may rovide more exteasive
penetiation for pressure grouting. For VOC's same polymeric materisls might ba
effeciive in canlaining vapar by chemical absorption and assisting nafura) organic
Dreakdown. Phosphori/ Won rich materials should provide some [emporary
relardalion of VOU llow. For reactor wastes C-14, Te-99 and 1-129 polymers,
Cakunv phosphone/yon rich malsrials shoukd 3l prevent migration of carbonates
and olher miky ating fesion product materials. Long-lerm resilence of the material
and thus maislenance of muy ation Larres appears good rom a nalural 3nabg
perspeclive.  Effecliveness fur most chenvcal Darriers 15 highly contaminant-
apecilic,

Demonsirated lechnology fof removing or ganics ham contanunaled soiks
Eltzcliveness limited by ratio of vapor pressure Lo solubility for cach specilic
conlammnanl. EMeciiveness may be enhanced by healing sail using microwave
healing., electrical elenwnts. Mo beneht tor scaclon heavy melals and TRU.
Hght be used 10 volatizs Te-93 or 1-129 for removal and  subsequent
atsorplion,

Proatol concept has been demonsirated for erganic contaminants. Effective at
removing alk forms of orgenic contaminants heely sorbed on sais, Limiled
Apphction 10 buricd wasle slles, uniess Containers heavily coimoded. Limiled by
sod permeatality. £1fecl on hedvy melals unproven.

Proof of concepl has been demonsirated ex-silu. Effective at removing organks
andnitrates rom contaminaled sails. Effectiveness highly dependent on
avalabdity of moisture in sl Ineffeclive Tor heawy metals, unlsss some
washing system s used. Requires mosturg and nutricnt addition,

Has been demonstrated in-situ at Superfund $iles. Elfeclive al decomposing
organics and ailvates from conlaminated water. Effectiveness highly dependent on
availibilty size of gross volume of groumdwaler source, avalability of

nulrenis. Inellective for TRU, heavy metaks, C-14 carbonale, lodide uniess some
washing system is used oc the greciptation in insilu & exceplabie. Requres
monitoiing and wsualy nutren? addilion.

Eftecive ab remaving orgaanics, some melals and mirates Fom conlaminated sok.
Elffaciveness highly deperndent on porosily of soil and 311achment of contaminants Lo sol.
Aty 1o get swiaclant 10 contamnands and verdy conlact is crnical. Eflectiveness for
TRU, heavy metak, £-14 carbonale, lodide unkiown with moslt testing hased on sod
washing systems. Requies monnoring , good geécnanaeruamn, large quanttics of water
ane pumpiag of surfactant.

Demonatraled and cammerclaily avatable for remediating contaminated solls and detris,
Technical issue of pressure suarges from sealed conlawners S s use I buried waste sites.
Currently bivited 1o depths of 21-23 1t with 17 I optimal, unless staging is used
{although greater geplhs ace under devetopment). Documented evidance of Tc-93

Incot por41ion inla glass matri. loding IncorporaBon shgil but oding easily absorbed in
aff gas systen C-14 enwiled a$ 2 pas may ba an emission Bssue.

lavelves integration of praviously demonsurated Lechnologies (I5V with dynammic compaction,
vibralery rod droting, Jet grouting.) Proot of principke Lesting needed, but shoukd resobve
sealed conlaines issua and remaval of Lrge voids. Encapsulaling abikly for Reactor Wasla
sinular 16 other witnilcation methods.

Hen-Joule heated, boltom-up vitrificalion has had preiuninery Lesis on non-contaminaled soils.
Heeds prool-of Concept testing on swTulited bued wasta incheding sedled containers. Final waste
form May NGl be as effectae 35 Joule hedled SV due to stralifcatian and lack of hormogengiry.
Encdpsulating ababily for Reaclor Wasla smikr to othes vitwilcation methods.

Scid midng Lechnology 15 Currently used by ol and geo service
and enavronmenlali emed on compinies. Used Lo mix
homogenous Frocess wasle and sludga i any typs of soils.
Dxrfcuit 1o implenent where conlainers, consUuwcion delwis
@04 Lirge objects might Lie encounter ed.

Proct of concept has been demonslrated bul na full scak, In-sity
demonslyation has been performed for any radonucisle. Specality grout
schutions for  chernical barriers and grout curtaing aro in RAD phase, bul
expected to be knplementibie by FY-96. Palymer grouts with kon eschange
capacity arq in RA0 phase but may be demonsrated i FY-96. Their
suseplibimty to VOC stdl aeeds lesling. Adaiton of chemical agent may
requirg additional approval/permilting by DOE and stale/tederal agencies.

Commercialty availabile. Demonstrated at Supertund sites and
Pull scake 3l the IKEL, where over one thousand pounds of ¢ bion
kelrachlocue has beens emaved, Implementalion depei s on
soll/clay/arganic. nleraclions. A passive System thal requres
M pUmping s under study dnd will be ready by FY-97.

Requres fult scaie demonsiration ad clayey soia. Nol effecinm
for INEL wastes and sod Wil nOl Le avaiabie by FY-97,

Requres Tull scake a-silu demonstraton n aed clayey sGis
Hot effective for IMEL wastes and s0d. Will nol Lie avalable by
FY-97

Requares full scale in-Silu demanstration i INEL type groundwater.
Implementing for decomposition of cab-on letrachkaide ami othar
halogenaled organics that are very dilficull organics ta decompose
needs leshing. Could ke demonsiraied and reddy by FY-37,

Froal of Principle demonstraled m-situ. Requares full scak In-situ
demonstrabion in INEL type soll and burked wasle. Implemenuing lor
remaoval of carbon 1elrachka ke and olher halogenated organicy That are
SIrongly $0r Ded 10 50 needs Lasting. Mot ungplkementabile nthe FY-97
1uTee frame and nol etfeclive tor our COC. Lise of Lrge quantites of
waler i Silu Lin acceplabie.

Sealed conlainer issud requres resckilion; atherwise, technglogy B
commercialy avalabk, Prescence of volitige conlaminants reque e
advanced secondary reat thal needs development especlaly lar C- 14

ntegraled dermonstrabon needed, individual technologrss o ¢
Comimes Cully avaiatus,

Sacecned oul a3 anundemanslidled technology not avadabie by
FY-97.

Captal - mod
O5M - low

Capatal - mod
CaAM - kaw

Capital -haw
O&H - very low

Capntal - mad
O&M - mod
Capalal - Jow
O4AH - low
Capitdl - kow
O&M - jow
Cagutal - mod
Q&M - low
Capatal - mod

Ca&M - madrhgh

Capatal - mog
O&M - mowhyh

Cagataj - mad
G&M -mad/high




General  Responsa
Aclions

Remedial  Technology

Process Optlons

Effactivenass

implamantabllliysAvailabllily

Cost 2

.

Archecogial
{na heavy squipment)

-

Bubbike suted worhars *
using conventicnal
excavation equipmant yuch
a3 a backhoa.

——

Manual Reuboval with
|Bubbia Suned Workars
using advanced excavalbon
cquipment The lnndvathe
End Eflectons.

Preunatic/Vicuum

o/ waste excavalion,

Rematg Excavalion,
Dust Free Dumping,
TekroboliConveyance

Remols Excavation
Remote Mainienance

Maotdla Relriewal

Faciny

Mara clieclive than mechanical methods W rgmoving haZardous source 1erms
schectively with minlmal secondary contamination, The most effeclive method tor
delermining souwca term removal durlng retiaval i hand monitoring. Most
whiecihe method o limit drum breaching during removal and comphete remeval of
the hazard withoul extensive secondary wasig generaled or mialng of TRU, hazardous
and reactor wasles. Limited effeclivenass for lairge thru- put excavations of heavy
wasles Frotection of warker against VOO, TRU and heavy metals depends on the
bhublie suits effectiveness. No protectian againat high gamma fields. Wil involve an
sLborate contaminalion control system with soil focants, musting systems,
venldation and extansive radiologial manitoring. Extremely Labor Infensiva,
parsonnsl exposure to pdlation and chemical ha2 wds.

Host eitective relrieval melnod for mixed typa debos removal b throughput, and
wersatiily. More effective than compk 14 manugl removal in maving heavy items
such &5 shoge hiled drums 3nd Largo itens such 25 4x4x8 hoxes. Less secondary
wasle, more seheclivity than remole methods. Limited effectiveness for crumbiing
contalngy. Less labor alensive, less personnet exposire to radution and chemical
hazards than al manual meihod though bubble suited entry still requered,  Limited
effectiveaess 1n preventing arum breaching. Fasly compieie remaval ol The
hazardous materials. Sunplest method 10 achiave high thru put.

More effective than backhoes lor precise wasle/ overburden removal. Accuracy of 1/2°

and precision of 0.04% achieved In overowden horeantal sol jemoval mode. Simar
precision in vertical removal possible bul nat demonsizated. Applicable (o frecision ramoval
of sed near contaminated objects of Zone SUCh as removal of overburden soils. Advanced and
eflectons are more eflective 1than conveational end elfeCtors ln removing contamers with
reduced particulate contamination of sumoundingar and clean sols. Nol elfecive at
reducing lighds or vapor spread excopl incidentaliy by the decreased contaminalion spread or
reduced oonlainer reakage. Field demonsurated and scalable Lo B0 yd3 per day remaval
rate. Complets remaval of salid TRU, nuxed reacior delris, bquid organics and assodated
contaminaled soM possibie. Same safely concerns 35 wilh conventional machinery. Garnma
hardening of equipment will be requred o perform Lhe operation. With along boom Lthe
technology couid be accompiished with 3 man i a cab with minimal shekding.

Most eftective retrieval method for dry soils and sludge w1 throughpat and
conlamination control as Lhe entre system s conlained. Lass eHeclive 1han manual
removalin movng heavy and lrge detrts tems such as lathes and consruchion
debais. Less se@ndary waste, sialar sekClivily a5 femole reihods. Less kibar
intensive, less personnel exposure (o radiation and chemical hazaras than 34 manual
mehod. Hubble suits requred only for maintenance. More effechive Lthan heawvy
mathinecy in prevenling drum treaching as dry slidges can be suched out of dums,
Faily compkle removal of the hazardous malerizls. Surplest melhod to achieve
high Uy put.

Mot ciiective melhod to remove high gamma field contaminated waste particulasiyreactor
1ype wasle. Complelely remaves all types of buried and hazardous waste. Remale
technokgies provide fullcontanment of the excavatien. Special inlegraled conveyance and
dust free dumping allows transfer and movement of 50L/0C 4TS Lo reatment of packing
area. Dust suppresswon technolkogies such as HEPA Nllered exhaust, elecirostatic curtains,
ultra-fog misting systems minimize conlamination spread primady fof mainienance
aclidtics within the containment. Gf{-gases are tresled and monitor ed. Remote operalion
mMUNMILEs woTker exposre. Proteciive coverings will mininize contamination of
excavatkn equipment, hence creation of secondary waste stream.] Exceient short and kng
term efteciiveness because il remaves the sowrge Lerm with minmal £1sk Lo the worker.
Fullscate remol e operation nal demonsirated yet however. Contamnation control
demansirated wilh imited siccess. Remowval of VOC sawrce 1erm passitie even il reaclor
waile/TRU present; More eMective relneval method than any manual methad in
nNINIZIng worker Fi6k Decauss i1 Separales the sowce term during relrieval from the
worker, fess precise lnrelnieval of specified areas of contaners 1han manual methods.

Maost effective methad [oremove high gamma liekd contaminated wasie particularty reactor
kype waste. Most elfeclive method 10 separate workers from hazardschemical ang
radiciogicsl of all types of buricd wasie. Remele lechnologles provide full containment
guring the excavation and maintenince of equipment. Dusl supgression 1echnciogs Lo
finbmize contamination Spread wilhin Lhe conlanment ara not as important ta those of ease
of remate maintainabinty (see appendis of awiiary sngineening oplions); ofl-gascs arg
realed and monilored. Remote operation and manienance minimize worker exposure.
Excelient short and long term effectiventss because K removes tho sowce term with
minumal risk ta the worker. Full scale remata muintenance nat demonstraled yet however,
Remaval 61 YOC source Lerm possible even it reactor waste/TRU present; Mosl effective
revieval method In minimizing worker risk because it remaves the sowca term with
el fisk La the worker.

Effectiveness a3 a single sowrce operatonal glatform numimézes contaminaton.
DOsst melhod tor Lrge o ea removal, eliminating cantalnment sliucloe, Hight ba
more effective in high gamima fields of TRU pacticulate Tones by climinating
CONCICE OF SECONdry CANLIMING LGN SEr ead.

Roulinely used retricval procedury. kmplementabia with special
wiivers and using 2 high numdier of Fadabon warkers 10 meel ALARA
goats. Proven I Supertund for most Nleried wasle axcept large objecty
which would fequre htavy equipment lor ramoval. Might ba the best
method for small “hot spot™ removal  Worker sately considerations n
ndiclogical, hatardous, explosion, alticakly concerns and general
construct ion due 10 nlundle cantacl with waste wouk! most iikely affect
implementation. Tha more restrictive bubbike suited operation
constraints would Wkrease contact time and exposwre Lo potanilally
hgh gamma hekds. If the VOC's arg separale fram the TRU andreactor
wastes, the process s immediately implementabie. Reaclor Wasle
removal woukl reGuira a greatly axpanded wark lorce of radiation
workers to keep appled dose rates iow {ALARA goah),

Oemanstrated Technolegy, Mosl usedischniqua [or buried wasta
retreval due to high thru-put and versatiify. Less contact thme
for workers Lhan complelely manual metheds. Mighl stll regure
fegulatory waiver Lo aliow bobble-suited entry in hazardaus
ragiens, high Nekls and with cribcality concerns.

Demonstrated Technoiogy,; lmmedialely avallabia for operator
fetrievals. Requwes 3ome modification for remate operation.
Demenstrated for basic remavai of sol and buned objects (Pt 9).
Similer Durked wasta fatrreval tivu pul and versaluily as
conventional machinery but contamenation spredd much jeas. Less
contamindLion 16 workers than complelely conventional retiievil
methods,  Might SOl requre reguiatary waiver 10 allow bubble-
suited enlry in hatardous regiens, lugh feids and with ariticalty
concerns. Some systems e off 1he shelf technology . implementation
nahigh gamma leld not 1ested.

Demonstrated Technokegy, Used commerchally for excavalion aound
ublity bines due ta selective soll removal and pipe protection. Less
£ontacl me than bubbel suited enlry and complataly manual
methads, Notdenwnslrated at INEL bul can ba purchased For use Ly
FY-97.

Dust-free dumpang has Deen demonslrated. Full scale remole crxcavaions
30a ganiry aanes ae available bul have not been demonsiraledina
bLuricd waste relrwval scenario.  Technology avaikble commer<ially.

Through puls will probably be lkess than equivalent non remals operdtions

Demanstravion at innovalive remots end edfecior and remotely
conveyance ¢l waste rom dig lace 10 Lansfer ared successtul. Removing
reactor lype buried watled has never been demanstrated. Forrgacior
wasta off the shell equipment requres gammu hardenng. Allhough samg
of the Lechnology appacations are lnnovalive for mued har wadous waste

relrieval, Lha lndivsdual technrologies are developed {essentially “odf-the-

+heil”). Throughpul rale and CONLaminaLon spread/dust CoNrolrequires
deveopment 1o be mplemented by 1337, improvemends in maion
Syslems and power [or conveyance syslem shoukd be demanstrated in FY-
95. A tull scake integraled demonsbration it planned at the IREL for FY-
9% for smalier-scale remole retrieval usng 2 remats gantry cianes, in
Fr-96 OTD mghr test remote eacavalars. Performance of Pit-9 per
Sument schedule will provide Lige-scake demonslration ef TRU bunied
wasle removal by end of FY-96;

Fulscate remole mainlenance not demonstrated. Modilications for
easy rernala maintendace sl in conceptual 51494, Full 3cake renmate
exCavalans and ganlry Tanes arg availioke, hawewer, [hey have not
begn lested or maintained w1 2 buried wasle Jetieval scenario.
Through puls and operational details are unavailatle.  High Lewvel
Wasie lechnokogy 1of remale Mantenance o equipmenl is

avadilable; however, Lha overall rocess of relriicval and
malnlenance esgpecialty manlenance ol innovative technalogies for
mied haZ ¥ dous wailefeLwval has nal beendemonstraled .
divkiugl technologics are developed (essenlialy “off-the-shelf ),

Never demonslraled; conCaptiud) desiyn s1a5e onty; howaver, thart-
lerm and long-term. CRADA possble bul repeciod a3 wil lo
develop tul Cale syslem in FY-97,
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EHective cantarunalion controf method. Compatibike wilh Lharmal treatment
options. Does not remove free iquads, o ganics of fines. Does not conlaim for kang
te(m s107age bul good far ransporting contamers 10 disposal o trealmenl
taciily.

Effective captaminglion conurelmethod for decaying conlainers and exposed lacg s
ebjects. Compatible with Lhermay treatment options. Does not remove free bquids,
organkcs o ines. Can contain for medium Lerm storage. Improved method aver
shitik wrap for transparting coatilners to disposal or treatment tacity.

Eff¢clive contaminalion controk meihod. Campalible with thermal tr eatment
cptiens depending on grout used. Remaves free iquads, sonw organics and fings.

Exisling muniipal waste processng aquipment ¢ffectively stred waste and separats
Into soil and feromagnetic components. Conventional conveyor/ sz sorting
machinesrun by additicnal monitoring Lechnologies we Delieved ta be effective at
separaling the wiste siream based on 10 nCy/gm Pu aiterion. Operation and
maintenance can be accomplished remot ely; convenlional containment technologies
will contine contaminants. Separation ol Reacior Wastes possible but kevel thal coukd
be retur ned Lo 1he pit has not bizen sel.

Freezing the waste with Iqukd nirogen and crushing the waste wilh a targe press
grealty reduces spread of VOCs and TRU/heavy metal contamination, I1tis 3 safur
and inor @ contamingnd free shiedding operalion than convenlional shredders as
exploshes 3nd contdminanis He in 3 (rozen maw. Most cflective way (o keep
volalie reacior waste rom Lhe olf gas system. Frozen matrix shoukd conlain
conlaminants but speciatb shiekling will be reyured. Compatibic with 2l
subsequent packaging o trealinent oplions thermal of groul.

Grgator than 20-year hle ailows RCRA-approved storage. Conlainment supenar for
Al waste Lypes Inboth the shart and long term. Prolects waste [rom weathes and
conlans pHiukite and vapor releases in 3 simiar tashlon 1 melal buildings,
Provdes best Intiusion protection {plng crashes, Lorragoes) and shiekding of all
bukdings. ¥ constructed from kow icvel waste DiOCkS, wastes and cost minimized

20-year We allows RCRA-approved storage. Containmenl excelent for all DOE
waste Lypes in short tarm in 1ermns of protection oM wealher, and Gontaining
particulate and vapor reicases. No shiekiing provided by bulding. Provkles wind
mroteclion put AGE as much iNrusion protection as concrele bunker,

Less than 20-year lfe. Can be erected more quickly than permanent buildings.
Contanirent kss eltective a3 the buikiing s al positive pressure, requires air low,
More Mantenance 3od 15 1mor e susceplibke 10 wind damage

Removes wale from daho, WIFP s a highly engineered repository for above
fround stored and retrieved mxed (Heavy Metals/VOC) TRU waste. Minimal
treatmeal negded [0 roduos 3 waste lorm meeting WIPP wastc acceplance anerla
{WAC} thus for any type of TRU waste this 1s the best long lerm disposal oplion.
WIFP di5posal remaves Lhe source from avaitabiity, The snorl lerm effectraeness
depends on tnethod of interim sterage . Fission Products s found Inreactor wasie
nat certilied lor WIPP though eftectivensss shoukl be belter than any other option.

lavolve s shipping balh stored and retrieved buried TRU waste 10 NTS. Somne waste
may be placed n 1hg Low Level Wasle Burial area,. Other types such a5 TRU placed
around thermonuckar devices of In former borb blast holes. Waste is shipped i a
S-year Ure hame.  Further deslruclion, dnassociation andfof ransmutalion
possibie In 3 thermonuciear blast. Leng ang short term elfectiveness comparabie
with that of waste produced by previous underground auclear tests, sumla Lo
sekecled sile for HUW disposal. Groundwater below NTS soes notsecieve recharge
ard Is greater than VOO0 Teet below land suface

Removes wasle lom ilahio, 50 has excelient long 1erm e Heglheness;
i ternm of the Spake Rives aguifer.  However, currenlly high
actlvity kevels andt lrge TRU nuclde content nat accepled, Packaging
depardson lrealnenl o esy andwasle fiormmwaste acceptance
el (WAC), Trealed waste elfcctively assayed [0 weilly wasle
frects thes WAC,

Fechnokgy commescally avalabi and In use kv pachaging Heavy
melals/ T RU conlainers. Highl not bg imgpkenenlable for VOK's due 1o

organic decay of plst and voli Uity during heal treatment. Far
Teactor wasle requyes special plaslc and gamma hardenng of
agupment .

Technology commercialty availabi and in usq br packaging siudge
heavy melaks/TRU cantainers Damonstraled af INEL for matalac kead

containment trom kaching and impact. Resistant lor soms VOC's

containment though vohunry\%ring haat treatment is unproven. For

encapsulating reacior wasle reqlires spacal plsik and gamma
hardening of equipnent,

Tachnokogy commerdaly available, however not demonstraled for #il SDA

buried wasta bypes.

kmmedutely implementable uses developed cammerclal
technokyes. Separation of TRU at 10 nC1/g kevel nuay requie some
develspment and verilicdtion. Seperation of olher nudides possitile
OuL umils have Ral been sel o MeLhod Testod.

Commercally Avalatde Technotogy .

Technology commertisly available. In uss al tha WMEL &5
temporay Storage of muxed wasla, Carbon hllers on touim
ventscontain VGC's and aliow hydrogenvenling,

Technoiogy commercilly avalabk and in use alihe NEL on
Hnlr lypes of waste. Caibon futers on deum vents conlain
VOC's and allow hyarogenreicdse.

Technalogy commercially availabke and i use al the IHEL on
sumilar types of waste, Carpon hilers on wum wenlts conlain VOC's
and aliow bydrogen ventig.

Hot unglemenlable at Bhis Lme. Uses proven technologies. intenm
S1oraye tackty will harequied. Wasta must be repackaged (o
meet LAnsporlation requr ements and eflectvety assayed to verty
wasle meels WIPP WAC. Finai disposal 10 waste repository
dependent on 3vailsbiity of WIFF, projecied 1o o 2010, wil
fequre mandate hom Congress

Immediately impdementatile wilh approvals ard sanwe rediment
10 meel Uanspar lalon requirements and WAC |

imeedialely imgemenlalig wilh approvals and seme Irealmant

ke meet Hanspuilalon requrements and WAC for some of The LLW Nypes
and Low Specihc Activity {conlammaled sinls). Approvals Ly DOE arwd
Possibty congress for TRU wasles
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Capttal - wvery hyh
O&AM - maderale

Capgal - mod/hgh
O&H - mod

Capilal - very low
Q8M - kw
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Return ko pl of irench
or new “S0A” T INEL

Leaves Leeated waste at INEL bocation covered and capped In 2 conventional
manner wilh a monitonng systems for subsurtface nugration of contaminants
similer 10 1hose used in all capping and contalnment aligrnatives. Limis and
WAC have not been set for SDA wastes. The ellectiveness of this disposal option
partlaly dependent on reatment option, spodfic radicnucede and
contalnment lealres of any new repositony. Effectivness partially depends
onsreatment f any of returned wasta, bul mainly en contament covereing
and will be similar 1a that of the capping optlons. Thermal raatment fues
but does nat elinunate the TRU of heavy metals hawguer, putling Lhem in 1EB
or glass form improves the conlinemant similar to what would be experienced
at WiPP. Shaort term effectivaness agaln depands on interim storage option
dua to Lthe lead fime 10 process. YOC are avsorbed Inoff gas or destrayed
thermal Ireaimant & used, Therral reatment and disposal daes nol remave
gamma conlaminalion; hawever, Lhe motiity of non-carbonate conlamunams
shoukl be reduced rom ther pressat state. For carbon-t4 carbonate
malerial, theemal irealments have pear short term effectiveness becausg
carbon dKoaide is rekcased and difhicult 16 capiwe In the off gas system.

Thes mat treatmant systems not demonstrabed for mued wasto. There are several
“thermal treatment options™ which are beng investigated by bolh EN-30 {tWPF),
£M-50 (Plasma Heath), EM 40 {pa-9) wiich shouid be implementake by 1998
Renturnment of new pil construclion Wnmedidlely implementable. Roburying Lthe
processed waste in cxlsting LLW ared I a simple canstruction project.

Capital - mod
GaH - low mod




General
Actlons

Response

Reamsdial Technokogy

Process  Opikns

Effectivenass

Imple

ankabillty/Avallaoltity

Cost 2

-

Retrieval,
E4-5itu  Processing,
Disposal

— Ferrate  Frecipitation

Chemical Dechiorination

| — A Magnele Separation

Solution/chemical
Surtace decantanination

feler Te Abova Ratrievat Opions;
Ex Situ Treatments Are Relalively
kwdependent Of Hetrigval Hethod

Dessolutsan of wasle,

rssolutian of Waste,

of large olyecls, debris
andniglalwaste

Non-thermal
WasteTreatment

CO2 blasting Swlace

Hydraulic Cerrent based

deconlgnunation of large
objects, dehiis 2 melal
wasla

Sol Washing

Sotuihcation

Polymeric Encapsatalion

Super Cruwal Waler
O b5y

Eteckhg lor separaling and concentr aling insolubke heavy melals {bath hazardous and
rdieactive). Aller removal ol precigitate moest dekris is non hazardous and cantémindtion
kevels for TRU are kess than tha LLW 10 nCl/gm aerion. Not eftective on most Reactor
Wasle COC or Volalie oiganics. Recychng of reatment quus aller nuclioe remaval and
chemicals miniize secondary wasle stream

Effective far detaxification of chlorinated erganics. Coprocessing using analher process for
melal removal could provwie TAU Heavy melal reatment, Reactor Wasts C-14 aimd Tc 99 not
cltcctively concentrated. Grgank 129 might be remeved. Recychng of trealment Siquids
after nuclide remavai and chemicals minimize sccondary waale stream.

Efteciive for separating and concentiating soluble or [nely divuled magnelically suscepliis
hedvy malals [Loth hazardous and radiadlive). Alter removal, remaiping detrs is non
hazardous and contamination kevels for TRU o kss than Lhe LLW 10 nCvgm aiterian.

Hot etective on most Reaclor Wasie COC or Volalile organics. Recychng of ireatment bguds
atter nuchae removal and chemicals minimite secondary wasis stream

Convenlional sur lace wasle decontamina on lechnologies e most ctlective tor TRU heavy metal
1emoval from Lirge had olyects surtaces. C-14 and Tc-99 conlamination & generaily within
objecls Lhus this Ireatment ineHective tor concentr ating these Reaclor Waste COC. Organss and
129 are not condudve 10 Ehis Lrestment and May gensrats 3 nised wasle, Reducing TRUY
contamination kevels to 10 nC/gm 15 ondy effective if hazadous organks and heavy metals have
been removed Lo mak e the remaining delrs LLW. Recycing of wash veatment liquids and
chermicals mandalony 10 MIKMIZe secendary waste stream. Operation must be remote for highly
contaminated Gbjects.

Innavalive suflace deconlaminalion technologies often more effectve Ior TRUZheavy metal
removal am targe hard olyecits sufaces Ihan solutions. C-14 and Tc-99 contaminalon 1s
gener ally willun clijects thus [his trealment kss hkley [9 bring these to Lhe swiface and 15
incfreclive for concenlraling these Reactor Waste COC, Organics and 1129 w e condensed duning
veatment and might beremoved. Nasscyching negded and A0 secandsry wasls generated.
Operation must be remate for highty contaminaled oljecls.

Sod washing lechnologies are affeclive far TRU/haavy melal, soluble salts and organic renmoval
from sodl in 3 mulll slep, multsslution, sequential process. Ellective washing depends on the
oinkding of contaminant 10 1he sad. C-14 carbonales woukt be aerosohzed by any acidic wash

process, Te-99 contameaalion 1s ankonic and might not be remaved wreh other metals {usually we

Technology is proven and commerally avadsble for
process waste slrcams, Hot proven onrstieved delxrs.

Technology has been demonstrated for non radisogicat
process streams. Unproven for TRU high fickd apphcdtons.

Techaology has been demonstrated (o non s adiciogicsl non wasts
process sbicams. Unprowen dor TRU separdtion, hyh tickd
apphications, burnicd wasic types.

General decontaminalkan commer cidlty availabla. Never used lor
TRJ remaval n hugh held envionment. Indmdusl sollcn
washes use roven lechnokgies, combined washes wilh different
solulsns ara not  Final design and nstruction for TRU
accomplishable within CERCLA Lime Wwnitalions. Reactor Waste
COC removalaol demenstraled.

Advanced geconlaminalion commercally availible. Proven for
cheaning lead bricks, Never used for TRU removal s igh hekd
environment bul might Le easier 10 femotize. Fral designand
construction for TRU accompiiahatie within CERCLA Line
wtations. Reacior Waste COCIemoval nol demanstraled.

Tachnckogy is proven, commercially available for organic
remoyval from sl YRU 301 washing proven on 5oMme soils.
C-14, Te-99 semaval unproven.  Hulticomponent washing
unproven.

cationic). Organics ars usualy washed wilh surfactants of other arganics which might be ineffecive

ter inorganics. Reducing TRU contamination levels to 10 nCi/gm 15 only clfective it hazardous

organics and heavy melals have beenremoved (o make the remaining detris LLW. Recycing of wash
wreatment Iguids and chemucals minineze secandary waste stream. Operation musl Geremots for

highly contaminated obyecls.

Eilective for twing dusls, TRU/heavy metals, C-14 carbonates, Te-99 metals, 129 salls.
Iineteclive for volatile, chlciinated organks. COpIoecesting using  andther process far
organic removal could provive hazardous delisting. 2X Volume inrease. Some shicking for
Reactor Waste COC. No nuclderemoval. Liltke or no Secondary waste siream

Effective for encapsulating dusts, TRU/heavy metats, C-14 carbonales, Te-99 metals, +129
safls. nelfective Jur organics. Coprocessing using anolher process for agank removal could
provide hazardous dehsting and make process useful for all COC. 2X Volume snaredse.
incltective for high thermal kading Readar Waste COC.  Ho nuchde removal. Littke or na
SecoOndary wasle stredm.

The best melhod for destruction of bath disscled or assoclited (DNAPL) or ganics in
groundwale even al trace concenlrations. Hgh pressures allow complele destructon at
moderate temperatures. Copraessang wslng another process [or precpilaling trace aetal
remaval coukl provide TRU/Heavy metal treatment, Reactor Waste C-14 curfently Is notin
the ground waler bul trace dioxide if released can be captured with 3 aycgenic trap. Tc-93
oxxie volalily 15 muninl in this process.  § 129 is eauly reimoved

T echnGiogy I1s comumes Chlty avallabie. Waste shiedding required
Formulatsons have been demonatrated [or Reaclor Wasle sligams
Organic formulations unproven. Customued formulations must be
proven fof most radriokagkcal process strcams. Linproven for
shredded debris multicomponent apphcafiong.

Technology has been demonsis ated for radilogical dete s and
waste process slzearns, ngroven in hugh biekds, wilh high
theinal loading wastes. Unproven for shredded delns
AmIKOmpament apulicalions.

Wel cukia o0 used commer clally for haz ardous wastewdler
trealmend. Technokogy has Leendemonaliated fa non
radmicyical process streans, Unjroven for TRU , C-14, Tc93
conlalniyg Iqueds. Jigh Tkl operalion nal kikely, Low
wWOrkor S1pxisure.

Capatal - nod
08M - mod

Capital - mod

O&M - low/mad

Capidal - ow/inod

O&M - Kw/mod

Capindl -mad
O&4H - low/mod

Cagntal -mcxd
C&M - w/mad

Capital - mod
Q&M - maxd

Capilal - low
CaM - bw

Capiral - 4ow
D&M - ow

Capatal - mad
OaH - ined




Ex Situ {pumped)
Groundwaler
Treatment

|

Acrobsc
Broremedution

— Catalylk

Ultraviaket

Lhesirucllon |

ActivaledCarlon
ADs s plion

Udtrasound Deslzucilon

ETRL ) S—

Distillation/
Stilpping/
Evaporation

Low Temperalura
Joule Heated Ceranic
Maiter

High Temperaturs
Jouks Heated Ceramic
Helter

Thecmal
Waste Traalmeal

Plasma Arc Mellers

Effecilva lor destruction af most organics Oiasolved of asseciated {DHAPL) wilh groundwater.
Mast ellective means Lo desbray nitrales in groundwater. Operales wilh low gnergy
consumpiion only requrng Fralion 1 room Lemperature. Some bacter  and porform
copocessing precpitaling lrace metals (TR Heavy metal} while arganks are decomposed.
Reaclor Waste C-14 curvently is pot in the ground water but trace diaxkie if reieased can be
Gptued with 3 ayogenc trep il above releass limils,  Te-99 oxida volality b minimal in
Ihis process and along with 129 might be precipilaied.

Effective for e slruction of marry dissotved arganics. Not proven for DNAPL In groundwater.
Dperates with moderale dhafgy consumptlion. Catalysis sclection and preventing pasing
Impartant factors. ho infiusnce on precpitating rac4 metals (TR Heavy melal) while
cryanics are decomposed. Reactor Waste C-14 currently is not in the ground water but trace
diaxite i released can be captred with & &yogenc 1rap if above retease imis. Tc-99 oxide
volaliity b5 minkmal n this grocess and akong with 129 mighl he precypitaled.

Effective for removal of more volatile dissobved organis. Kot proven far densa nonaqueois
phase IQuias ka groundwater, Operatcs wilh moderaie energy COnsuMELIan and requires Some
absorption or treatment of vapars. The [ollowing arg curmently not in the ground water itseif
and are not addressed by this reatmant. No willuence on precipitating traca metak
(TRWHeawy metal) or remosing dissolved 3alls which nught contain reacior wasle C-14
carbonales/dissolved trace dioxile, Tc-99 oxide and |-129.

Most elfective for removal of non polar halogenalsd dissclved organics and mokoular 1129,
Not proven fof dense nonaquecus phase liguids in groundwater. Operales with law cnergy
consumption. Requires soine recycls o disposal of activated cirbon. Lilra kow kwels al high
llow rales might be difficult 1o achueve. The lolowing are curmently nol w Lha ground water
iseif bul might aduressed be remediated with the addition of o0 cxchange 1 esins of olher
absgibents: trace melaks (TR Heavy melal) or dissolved salts whikh mignt contan reactor
wasle C-14 carbonales/dissolved Lace dioxide, T2-99 oxide and K129 salis.

Innovalive technglogy for destiuc lien of some dissolved of associated organics (Derse non
Agueous Phase Liquids, DHAPLY w groundwailer. Ambient pressures and 1Emperalures require
less enes @y 1han Lhermal stnpping o SCWQ, Coprocessing using anather process lor
precipitaling  race metal removal coukd provde TRU/Heavy melal tredlment. Reaclor Waste
C-14 currently 15 not in the ground water bul trice casbon- 14 dioxide if released can be
captued with 2 cryogenic trap.  Tc-99 oxide volldity 15 mnimal in this process. H129 0
casly renoved in the oxide.

Mast effective Lechnalogy for compeets groundwater cleanup of both organics, DNAPL and
dissched salts  Operales wilh high energy consumplion ¢spedally when dealing with large
voluines of waler with kow concenirations of contaminants as is cufently 1he case with SDA
proundwalers. Requires somwe absorplion of realment of vapars. The lolowing are currently
nol in Lhe ground waler nsell but are addressed by this realment, Diysclved trace melaly
{TRU/Heavy melal} remaiy aller evaporalon as due olher dissolved sais which might contain
reactor waste C-14 carbanates/dissohved trace dioxide, TC-99 aade and 129 iodides.
Remaining salls, scales, and, organics driven o, rmay Jequice further treatment and must
bedisposedol.

Technology cumently in usa for high level waste and soil-washing reskiues. Low femperalure
nature of 1echnalogy produces less elfective vitrniied product than olher Lhermal vilification
1echncloges, dus Lo mare wilrecws, kss orystaliig natwe of final waste lorm Product
durability s14l strong, howgver. Low lemperalure ceranmic mellers Ly pically have strict
Jupils on bolh composlional and redox vanality. As a resull, use may tequrra signihcant
pretrealment of the feed siream. Alse requires SPAIRCant pretrealment of wasts matesials
{l.e. sheedding) 1o make ceslan that Lhe waste malerials can be delnvezed in 3 manner thal does
NGL fequire Major process upsel. Less volalility issuss thaa other Ihermal vils icalion
frocesses, dus Lo lower processing temperalwe. Removes C-14 from the wasie, without
olfgas caplure, which May CAuse an an emissian concern. |odine and Lechne lium concerns
capecicd 19 bg sloular 10 in siku vilrfiICalion CoNCeEdns.

Simikac 19 low lemperature jouly heated meliers, but with Righer process lemperatures.
Higher process 1emperalures result n improved product durabily, due [0 mire crystalline
nalre of wasla form lhaeased volaUily concerns over lkow Llemperalure melters, but can be
anguered around via ofigas design. High [rocess 1emperature allow engineening around redox
Isritations of low termperature melters, increasing compositional variatality. However,
jouke-ngated malurs of Lechnology sl resulls 1 compasilional varabity concerns. Effect of
low Yevel wasle drivers {C-14, Tc-99, F129) simlar Vo other wilrficalion peoCesscs.

Dperabke in beth AC and OC mode, in both a transferred and non-translerred mode.
Compaslional limalations assaciited with Joulkt-heated melters we not present with plasma ag
melter s, dus 1o pon-joule heating requiments for plasma. Redax imtlations associated with
Kew Lemperatire mellers e abo clmmated, dug 10 higher processing Lemgeratires in plasma
ac melers. Plasma ¢ meflers are lypkaally bess energy ¢lhcient than joule healed mellers,
dua Lo Le presence of an arc. The plasma arc also resulls In more volalilzaton than with
Jouk-hedied malters. Plasma o mclters arg tess lleuble 1han plasma torch meller s, But can
be scaled up Lo hyher thvoughiput voiumes Than Easma torch melters, Plasma arc melters aro
usuaify mora e gy elfickent Lhan plasima lorch mellers, dua to arc kenglh. Eftect of LW
dilvers sirnilar b0 olher vitrificatian racessas,

Tachnokogy has been demonstrated for low kevel fadologral wasts
process streams at Oak Rudge HationalLab, Requres large lagaons.
Unpeoven for TRU separation, bmting C-14 dioaide rekease. Hot
possibk In high fickd 3ppicalions though thesa are anlikcly in
groundwaler, 1ow ancrgy Consumplicn and worker axposure

~

Technoiogy has been demanstyated for non radiolog i3l process dlreams
for sekct arganic destruction. Unpraven for TRU Shaavy metad
lnterferences, and krting C-14 diaxide rekease. Can ba used v ligh
fickd applcations though these ara unlkely N groundwalsr. Energy
corsumplian varable. Achieving uilra low level uiacharge whils
malntakung high Lhough puts aze not proven.

Technology has been demonsiraled for non £adiological process siredms
tor selected organic removal Unproven for bmiting C-14 dioxide
rekease. Can be used in high held apphaatons though these ara

unikely In groundwaler. Energy consumphion low. Achwswving uilry
low kevel rermoval whikk maintaining  high though puls aot proven for
s0me of Lhe organics 31 the SOA.

Technology has betn demonstrated and implemented at Superfunds uics
tor non radeiogial process streams for sclected O1ganic remova,
Unproven for C-14 dioakie removal. Can be wsed n high hewd
applications though 1hese are unlibely in groundwates. Energy
cansumption low.  Achkving ullia fow kevel reimoval while
mantaning high Lthaugh puts not proven far seme of Lhe SIganks at
e SDA,

Technology wasdejected due 10 lack of eifecivenss and
availability, It 5 sl being develeped for high pumping
volunwes and achicving high gesouction efficknces. Unpioven
tor TRU , C-14, Te 99 contaming bquids. High fickd  operalon
nol kkety. Low worker exposurs 10 chemicals and
fadIONuaKIES.

Technokogy is readidy implement abla and has been demonsiraled for
drinking water punficalion . Unraven Tor ipiling C-14 doxide
rekease. Canbe usedin high held apphcations though these dre
unlikely n groundwaler. Energy consumplicn high and 2 Wrge stofape
areaiequired for evaporabon,

Immedialely implementatle, 3ithaugh 50me waste compamtkandl dnalysis

may shil B¢ needed 1f tha bured wasle SLI€aNs have xEENAIVE Vil W 1400

W polentul wasle form composition. Further demonstration of ore-
treatment shvedding Lechnology necded tar TRU wasta,

Demonstrated wvia piot- and bench-scaks tesls, on nON-radicactive
components only. Sul necds radwaciive Lestng. Requwes higher
amaunt of otlgas desgn than kow temperalure mellers, bul morg redaox
variabile, noreasing composlional vanabiliy.

Technology commercuily avaitible, substnlal operating hislory 1
steel ndusiry, bul nct yet demanstrated for miued waste appication.
Bolh DC and AC arc meite § demonstraled on picl scake, lor non:
radioacine apphcations Ful-scale radicaciive demonsiralions are
scheduied for FY-93 ardd FY-90. Plasna arc melless sia gener iy
more applicabie than plasma torch mellers for lays volume wisle
sWeans that have wmited wasle form varkbiity (i e, burked wastes,
bul not stored wastes). Ksue of short-hfe for pasnd &C 1orch <an Le
chmitaled by using £arbon #C slecliode (allhough this Iets redos
POLental).

Capital - mad
Q&M - fow

Capital - low/mod
C4M - low

Capilal - mad
Q4K - mad

Capnal - low/mod
CaM - mod

Capital - mod
Q8K - mod

Capitai - mod
C&H - mod

Cajutal - Modskigh
C&m - Hiyh

Gaptal - Mod/high
CAm - Mod/twyh

Capital - Mo igh
CAm - Muwd/ high



Version of plasma arc melter where arc is blown oul of gleqrode annulus, via gas pressure, Technology commercially avalible, substantial operaling hislory in

Plasma Torch tarming a torch. Plasma lorches generaly have mors degrees of movement than plasma arc steelindusiry, but nal yel demonstraled for mixed wasle application.

Helters melters, aliowing the torch to be applisd 10 sectians of [ha waslg $ugs coming inla Lhe melt, Has been demonstrated in pioL-scalke, lof nonTadoactive appkcations

yather than the mwdt pool itscll. Waste form qualty and process perlormance, compared (a Full-scaie demanstrations scheduled for FY-95 ang FY-96, Plasma
Joula-healed melters, i similar 10 Lhat of other piasma arc mehers. Howawver, the torch has torch melters are generally more applicabla than plased arc melter s
maore redox flexbilfy Lhan plasma arc meilers, due 10 the abiity to use cxygen as the carier for Lrge composilional varktions of waste {i.e. stored wastes). May
gas n the giecirode annulg, Plasma lorche s also have kess potential process upsel than plasma requre marg off-gas trediment than arc melter. Capital - $od’ high
arc niellers, since 1he can direct Lher mening on portiens of the waste befora it falis 1 Lhe O&m - Mod/high

meit, thereby hmiling swiden ofgas surges of melt compositional surges. Plasma torches akso
require kss shredding pre-treatment than plasma arc melters. Nolt a5 scalabie L high
throughpul volumes 45 phasma arc melters. Also nors potenlal volabilization conceras, dus to
lenger knglh of torch, Effest of LLW drivers sioddar 10 oter vitnifcation technoiogies.

Contriugal Pasma Plasma 167ch 5y5Tem wilh 3 comphcated centrifugal delivery $yslem that conlrobs the volurme of Radisactive demonstralion 13515 o bured mik od wastas unde way in
Torch Melter vitfied material released from the meit. Centidugal syslem may havg rmxa_nunm:n:moc a.nd Fr-95 and FY-96. Moving pas ln meltor may nkaedss maintenance
power backup concerns Than other torch melters, Product quakty, and velatilizazon potentia) concerns, Fequra mors ulilly backup Lhan ather mellers, due 1o lact
similar ta other 1orch mellers. Eflect of LLW dives similar to other vitriicaban lechnologics. the power kasses wil cause tho melier 10 emply. Moving paris nay Capital - Hod/high
atso have exlia decontaminatian and decommsioning concerns. Torch- Q& - High
lite (approaimately 200 how's] aise 3 concern,
E—] Refer To Above Disposal Options, Ex SiuTreatments Are Able Yo Prepare Waste
1 Osposal I For Aay Disposal Qption. The Feasiuinty Of Some Disposal Options Mgt Change
Depenaing OnT he Treatment

Reter 10 above Retriaval Qptions;

Pre \reatments are eahanceiments I Relreval Some as nofed Cannol be useswih
——-——— congletely Manual Methoas; Moditications for Smaller scale relteval are possiie lor

mast Releval Methods

Pre Trealment, Relieval,
Ex-Sutu Protesung,
Drspasal

Capilal - mcd/gh
Demonstraled [echnology in buried wastie TRU envioniment,

Cryegenc Relik Relricval Opd JLION Fequres active contamndlion conliel. Effeclive in removal Preduct an rale scalable 1o 80 yo3/day. Requires engingernyg Ok - high
ol enluc conlaminant source terim for most slulges and sois Lhal ching togetner, refmements i LH2 cfficiencies and retieval 1echasjues.

Froduction rales scalatie 10 80 cu. yd. per day. Paruculate conlarnination contrgk AvallaLle lechnology rom Housten [X; however woukd requae
of 50% over conventionalyelsicval achieved, Expecied to bs mast elfective modilicalion lar reimala mavitenance and gamina ha dened
method ol preventing YOG volaliity. Hat particularly advanlageous fof reactor shuipment and Cankdas 1o hanke rescion typs wasles, Barier
waste especially kirge objects. Remote mainlenance and gd mma hardengd technotogy B mmedilely available, Avadalic a3 2 lempddary
equipment and cameras might berequred. barrer Lechnobogy,Commerciaty  rom availilde hnwted.
Cryogenic iechnology avalabie lor V05 unger sludy al ORNL by
wilh results in FY-95.
Overburden removal for naxisuzes effeciiveness to avord contamination af
Grouted Waste jurrounding soil. This optin alows in-sau intenm stocage especialty lor “hol Proof-of-cancept demonstrated as a particulite contaminalion Capiial - mod
Relrieval spols® untl reatment/disposal options ae wentded. Provides ube best control measure during retreval. Grouting perten of the O8&M - mod/tugh
inloran storage in-sifu for up te 20 yedis pricx to retrieval. Excelient short technokogy tully implementabile, however, the felneval techague
and keny 1erm eftectiveness as it enlails complele remaval of [he hazard. needs more work 10 chose Correct resrr val method, Gpliumize the
Containment structwe can remave YOO in charcogl futers. 15 as ¢ifectiva as fracturng technue  ardd rebing groul fodnwlation dor TRU,
PreTreatment belore retrieval cryogenics al elninating dust during retrieval but does nat ehmnate VOO TeaC106 wastes 4nd VOUC sobddicilion, Curtently would require 3
tor; Conlamination Conlrol feicuse. Like Cryogenk appiscable to ol spol reteval Portlnd cenwent daey venlillion sysiem 1o remaeve the VOC's rom Lhe ax. Any
—Jan/or partul retoevas b, - warn up the waste which mght drive ofi vOC's. Short term effecliveness beller remtizig of aibing equipnent énd gammu hirdening of retievai
hot-spol *{highly kicalized than cryogenic a0d grouling can be used 35 an nlerim Ligatment opton, May equpment for Redclor Waste woull j¢quu ¢ acvelopment though
souce term) . requan e addrion of veniialion system 1o jemove VOC during grouting and the chenwcal roul Iraciuring oks more prenusing than
retrisvad, Cament provides some shickding in Lhe ¢asa of Reactor Waste. This mechankal of explostes.
and Lhe shekling af Lhe overbwden may decrease [he need lor remwle grouting
operalkan Lo avokd gamme dose 1o workers. Ao relieval equipment may requrg
ganwra hardening.
Placing a wall around Lhe hot spot using Lrenching, pressure grouling o jel grouting To be demonstrated at the IREL InFY-33 using novel grouls and Capital - mod
Grout is eflective at slopping bolh Lateral waler movement o Inusion and 50l colapao Jel grouvung emplacement, Used Conincndy i Lhe CONILILCT KN O8M - menl
Subruebence INto wasta dwing retrigval The lechngue 1hin grovides benela s 1o ot Spat Industy Bul not in 2 Buicd wisle seam 0 Silu walls are
Walls Retrte vai 1o frevent wad sloughing which could add 1o the amaunt ol waste cacavaled fautiiely used in conslruciion Industry. Technloyy conwneriully
wilh tha hal spot. Venhcalian of wall mlegnty anlcal. avallalie lof genesal consbiuction and Wndhll Iype dp el o
Drdig, Uenchug technotugy ® Off the ahcll




Cooperative
Tekroholic Relrieval

Effective i normal construction far preventing wall collapse and side conlrol
of waler movement. Much less verihcation nesded for evidence of adequate
wall construction, Emplacement depands onknowiedge of wasle/ pit
boundaries. Obslructions ke boukler and karge objects (reacior wastes) wil
prevent ful penelratlion.

Most etfective technotogy for highly kecakied source tarms  wilh high
fieids or nigh salety or hazard rank. Effective for removing pretredted
waste or large objects wilh high lieids or high centamination pateninl
Operates wed within 2 smull area and iemoves 50urca term whits
minimizing waker exposure. For “hol spal® retneval a anitical prodiern
is lcating the wast boundaries.

Reler 1o awove Waste Treatment Options; Pre reatments might change
the feasiblity of soma treatment options Dul are generally to enhance
retrigval melhod; hot spot treatmant anly requies small trealimeat

Syslems,

e Ll

Reler to above Disposal Options, Prelsatment might eiminale duriher
€x Sity trealments of preparalin for some dispasal oppon.
Tha Feasibilily of Some optians might Change Depending on Treatment

Inciepengent of Retrieval Method

Notdemonstrated on SDA pits and renches, Technology
conynercialy  available

Fulty imgiemenlable by Hov. 1995,

Capitat - low

O4M - low
Capial - high
04 - mad
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